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ABSTRACT

This paperprovides a scientific basis fol, the formulation and expression ofperformance standards and specificaeions and for explicit attention to performance*in prinedural and prescrlptive stari-a.r.ds and specifications.

The provisions of the NB,S-developed,Interim Performance Criteria for SolaT\Heating_and Comblned Heating/Cooling Systems and Dwellings ,a performance specification,are^ciassif0.ed in terms of the physical entities addressed, the attributes of thebuilt_envir nmentl and the properties whiGh gioup together, particular physicalentities wh chk,ty be subject to similar dysfunetions. These provisions, are alsovbjeotee t alintstic'andlysis which examines in detail the wording used and
,formalizes ertain ,y coJ ncepts which are realized in the wording.

The provisi ns of the Uniform PeCimbingCode,
a prescriptive code, are classified iicy

...
. .

, .
.

teams of th physical entities addressed acid the performance attributes which Cart_be inferred (though they are not
,
explicitly addressed).

.
- 4

1Guidelines or the expression of provisions in performance eode.s and specificatfonsare present' d. These guidelines are based on the classification studies and the
lingtistic] nalysis mentioned above. '

r

Key words: Building code provisions; building codesCbuildng component
fl classification; building specificationp; buildfnestandaFds;*
performance concept.
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1. INTRODUCTION

40,,

1.1 Objectives
1-

This study is a pilot investigation for
Or specifications, dealing with Coth th
,provisions and theGerall organieafion-a

establishment'of a rational framework'
detailed organization of individual
d classification of provisions.

The study includes the detailed analysis and classification of two documents

,, the Intenilii Performance Criteria for Solar Heating and Combined
Heating/Cooling Systems and Dwellings, National Bureah tf Standards,
January 1,975 [1.21*;

.
,

.

' ,

the Uni'fo'rm Plunpoing Code, InternatOnal Association oft Plumbing
and

.
Mechanical,Officials,,197rEdition [21].

J
. .

These tw9 documents were chosen because they represent as closely as possible the
extreme points on the performance - prescriptive specification continuum.

. .

The objectives of the study are:
i

to investigate the vocabulary of sPecifiCations; net is, thg terms
used' to

t
describe the objects dealt with and the performance expected;A

I I

to identify the manner in which the terms mentioned above are
used to form specificationprovisions;

.

tb investigate classification schemes for the terms used, so as to
derive'organizational base:S.for specifications; and

0

to develop rules for the.use of terms, specification provisions, and4
classification schemes.

4

1.2 Background

Building codes, design .specifications and standards referenced by building.regulatory
dOcumehtation constitute one of the major communication and control mechanisms for
the building indwstry.. The development of new codes and standards and the mainte-
nance of existing ones involves a substantial effort on the part of researchers,
produict developers, building Officials and professionals in many disciplines. The
enactment and enforcement of building codes requires a large building regulatory
system. The codes, specifications and standards control the professional output of
designers and the products of builders and buildina,manuacturere. The quality and
coverage of,-these codes and standards has a major effect on both the quality and
cost of buildings. .

*
Thirells ,a critical need to improve our understanding of the organization
and 'structure of codes and specifications and do develop basic principles from.this
understanding. These principles are expected to serve specification writers to
develop better4processes and improve their product.JrThis report is a pilot study in.
this direction.

The need for thisrstudy is manifested in two ways. First, new codes and specifica-
tions are being ddlreloped by many sources, either to reflect ch nging requirements
in areas traditionally subject to cbde control such as health, safety and welfare or
to introduce new requirements reflecting national needs, such as energy conservation.
Developers of such'he4codes and specifications would be well served by a pore
rigorous framewoiqc within which their efforts could be organized and evaluated
Because o1 the importance of specifications, the entire building.community can
benefit from more rational control.

4

Moreover, existing codes and specifications are undergoing a constant process of
-,

maintenance, updating and adoption. A mechanism is needed whereby t& changes and
amendments thus introduced can be readily related to he existing body Of codes.
Closely related to tliis is the need for comparison off existing codes. A major

*Bracketed numbers refer to references listed on pages 76 and 77.

1
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' problem experienced by design and construction firms opertating in multiple jurisdics-
'tions is that of identifying and dealing with the dissimilarities and local devia-
tions among codes. An organized framework fokpepresenting codes and specifications
would not only' assist' these firms, 6u4 also those agencie responsibae fop thel!b.
prbmulgation and ad4tion of'codes and standards,, kn idAtifying,and evaluating
differences.> N .

1.3 Nomenclature t

In this study, the term "specificatton" is used to referto &lf formal documents for
the evaldation of engineering or architectural degiggs. These include:

... 0

. ,
.

legislated buildin codes, such as the New Yolk City Building

a 7 Code [3J; :s.

model building codes, such as the Balc Building Code of the Building r,

Offidials and Code Administrators InternatiOna'1, Inc. [4]';
&

. consensus standards,' suet!' as the American Concrete Institute (ACI)
Building Code Requirements for Reinforced Concrete [1];

...

proprietary or trade association specifications, such as the
American Institute of Steel Construction (AISC) Specification for
the Design, Fabrication and Erection of Structural Steel for
Buildings' [2J; and . , .

.
,

o
.1 J

specifications of 'agencies or owners, such as the Minimum Prdp4rty
Standards of.the U.S. lepartment of Hou0.ng and 1.74ban Development [11.
1.

4
t,

"Specifically expla'cled-frOm this discussion are building specifications made a part of
the contract documents for a building project and product Specifications describing

41, proprietary proddcts'pr gystemi. ,
.

,

.,
,The study deals with three types of specifics -pinii, which differ in their level of

'abstraction,,namely:
-l .

.

.

, .

performance specification's, which state required attributesjin,ah imple-. y

mentatien-independent manner, such as the "Guide Criteria f6r the Design
'and Evaluation of Operation BREAKTHROUGH Hdasirig Systems " 110j.' .

.

protedural speckficatibns, consisting Of calculatioh and evaluation
,procedures, which ;state.required lattributes.and procedures for their
evaluation in an Implementation-dependent manner such as'the ACI
and,AISC specifications [1'32]; and '

, ; ..- .
. /

& 4 prescriptive specifications, which state required dimegsions or ,

/ properties in a manner completely defining the,anceptable config-
urationA or procedures in an implementation-dependent manner,'such
as the.One and Twd Family Dwelling Code [17_1, k . -

,

L
. 7

_

inothis study, the) term provision will be used to refer'to any normative stAtemeot
in a specification; that is, requirements or criteria in performanc, specifications

-.. or paragraphs in prescriptive and procedUral specifications.

'1.4 Previous Work-
. .

Essentikly all previous studies on tiaeorganization,and stvucture of specifications
were.motivattd initially by the prospgot 'of compuegr processing of specification
cwovisions foe-design or code conformance checking. While the formalism and rigor
requieed<pr computer processing.imivery useful intellectual-lframeworkfor
developing* an'understanding-and pr pies, the concepts which thusemerge-need not
necessarily be implemented in computer programs, The can also be used for

Manual, or non-computerized, codes. h.,.

It:deals with all three types with the following qualifications. It Offers no

detailed study of any Ilrpcedural'specificationsAnd it has more material onperhr-
.,

.

mance specifications than prescriptive specifics. ions.

4

L



An elementary notation, or "language" and data structure for representing building .

problems for computer applications was described in 1967 by Clark .[5]. It included
rules for organization of code-like proliisions. Kapsch's review of existing
architedtural information indexing sYstems [3,3] found. all such systems lacking in
precision and coverage. A report to the Center'for Building Technology4of the
National Bureau of Standards (CBT) by/Eberhard, et al [7] postulated a number of
potential popputer applications for building regulation use, but did not pnesent,a_
formaasbructure for them.,

The senior co-author, inscollaboretion with R. N. Wright, has dealt extensively with
the representation of procadUra2 specifications and the application of this repre-
sentation to computer-aided design, and developed improved formats and organization
for procedural' spe'cifications [9,15,161. The status of that. work asof early 1975
is summarized in [8]. .Refinements of this work were carried out at the UpiVergity
of Illinois in a project initiated by R. N. Wright and thqn.contAnued under
J. W. Melin (see [22]). Other extensions wor4 are underw0 at Carnegie-Mellon
,UniverSity under the directiod of the senior co-author. The work at Carnegie-Mellon
University and the University of 41inois to date has not dealt with performance
specifications per se, nordid it produce any of the formal structures and concepts

'introduced in this report. The Computer aids developed as part of the University
Of Illin6is project are, howtver, well suited for operating on the classification
structures presented here.

'1.5 Scope of Report

Chapter 2 develops a model of specifications and examines the overall organization of
provisions as well as the detailed organization. Special emphasis is given to
perfOrmance specifications, because of their need to specify objectives inrgeneral
,terms, and because of the special character of the requirement-criterion-test-
commentary hierarchy.',

Chapter 3 presents the analysis of the Saler Heating Pergormande Criteria; Chapter 4
presents the analysis of the,Uniform Plumbing gode.k

Chapter 5 presents rules of style in specification writing.- Chapter,0 Sketches put
_potential applications of thekstudy for the analysis of existing specifications and
for the_synthesis of new ones/ Chapter 7 contains conclusions and recommendationd
for further work.

_

101

11.

Cs, ,3

V

, Jr



2. MODEL FOR PROVISIONS AND THEIR ORGANIZATION
s'

f
Inthid chapter, a model for the classification of proviSions and their organization

is presented; and some of the problem areas which constrain further formaliZation at

this time are discussed. The discussion covers'all three types of specifications .

mentioned earlier, but Section 2,4 deals with the specific considerations related to -

performance specifications.

2.1 General

The basic concept in this study is that each provision of a .specification., whether

performancer procedural or prescriptive, addresses a performance attribute of a

physical entity.

In performaRce specifications, provisions are customarily organized into requirement's,
(usually qualitative statements of required attributes) and criteria, (usually
quantitative statements giving levels of performance .necessary to'meet the require-

ments). Also, in performance specifications ap.-attempt 'is made to address the

physical.ent,ity involved in terms of the attribute-being considered (or to omit any-
mention of the physical entity); so as, not to overspecify and thds inhibit innpvation:

Prescriptive and procedtkal specifications differ from performance types in two

aspects. First, the attributes addressed, and evegjehe requirements, are not alwa§s'

spelled out, but frequently have to be inferred. Second, the physical entities to
which'the provisions app1S, tend .to be identified in detail.

It is recognized that the above comments pertain directly only to wholly performance
and prescriptive specifications, and that most specifications actually contain a,

mixture of'the two types. °Section MP 3F of [18] discusses this point; a table on

' page 6' of that'eection describes nine le'vels of performance/prescriptive mixture, and

gives sample provisions from each level. A'revielOo the table shows that the basic

concept is maintained throughout; that is, each sample prOvision addresses.a physical

entity and (implicitly or explicitly a desired attribute.
..

..

The model'for'organizatio-n is formulated at two levels:." .

*
the way singlg provisilons are composed;"

.

o. the manner in which related proviiiOns,are organized,

These two 1:evelsform the subject of the next two sections.

. 0
e

2.2 Detailed Organization: Provision Structure

'

*

: The contents of provisions in all types of specifications contain the same type of
e

information, namely: ' -
-

.
..

VEsov '
i .

* , '
a subject, which nefers to or makes some mention of a physical

entity and .
.

,

. -' a predicate, which re)atgs tothe attribute to be sAftsfied.

.

.

There are only small variations in the formats ofjspecification proyisiOns in per-

formp.nce and prescriptive specifications. A classification scheme for the formats
of provisions Will be presented in Section 3.3. .

..
.

f.

By contrast, many provisions in procedural specifications describe calculation and
evaluation procedures to be executed. The representation of the organization of such
provisions has been presented elsewhere [15,16] angir will not be dealt with further

in this study,

o

11

1
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2.3 Overall Ortanitation: ification Schemes

As regards the overall or ganization of specifications - be they performance, pro -
cedural or prescriptive - provisions in them are related to one another either
through the physical entity addressed or the attribute'to be satisfied.* In order.
to reflect this relationship, classification schemes are employed.

The objective, of a classification scheme is fo:

provide hierarchical groupings of related provisions; and

provide a basii for textual organization, notably outlining
...and indexing, of the specification.

BN the nature of-the subject matter, two independent Major classification schemes are
eded, namely: :

'
4

..

by physical entity; and .

to by att3Abute.

Performance specifications developed in CBT customarily use these two classifications
as row and column indexes of two-dimensional matrices and record the applicable
provisions (requirements and criteria) at the intersections. While this representa-
tion Has proved workable in CBT, it has shortcomings, primaril,ly because it doesnot
display the internal structure, or "texture", of thesclassification, such as the
finer subdivision of entities or attribute parts within a box of the matrix; because
it is not well suited for Outlining and indexing; and because it promotes unnecessary
redundancy in the repetition of nearly identical provipAons.

In this study, the'two classifications will be dealt with separafiay, and no attempt -

will bt made to develop a single representation fdt the two. Thetclasaifications
w411 be discussed in turn.

2.3.1 Physical Entity classification

In developing a classification scheme for the physical entities addressed by a
specification, a major problem is that of identifying the various functions of a
physical entity and then distinguishing this from the specific place of the physical
entity among other physical entities. A given physical entity may be referred to in
several contexts,'and in each such context it may be associated with different sets
of other physical entities. For example, a piece of pipe may be referred CO:

by its material and its intrinsic properties, .

as a fluid container, subjetto-pressure changes, vacuup, etc..
"'

as a mechanical element, subjct tonoiSe, vibration, fatigue,
thermal stresses, etch

as a chepical reagent, subject to corrosion, contamination, etc..

as a load-carrying element, subject to external-imposed loads,
earthquake effects, etc.

as a potential, projectile in an explosion, a thermal source in
a fire; etc.

. .etc.
. . (I ft

- In each of these contekts, the pipe can be assocrated pith different sets of pkyaical,
entities which are related to it in the specific context being considered.'

. .

. \, .
.

a 46

c-

.*In addition, though of little interest,here, provisions in procedural Spec fication s
.which'deal with oneevaluation procedure are arranged in a thierarchicalAy r fated.."
sequence.' . -

.
. -

r

1.

a-
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1

The problems of developing. an appropriate classification scheme for physical entities
:pare *different inwdifferenlitypes of specifications:

4'

. ,

, . in performance specifications,'it is imporotant to avoid a purely
- hierarcHical.plassification by,part'name, such as one based on
"'system- subsystem - component- material" subdivisions, because such a
classification would unduly overspecifythe physical rePlizations
,possible and thus inhibit innovationin design; .

to_ o
.

_
$

i in prescriptive and procedural spdcifications, pirt names dominate;
function and context often have to be inferred, thds making,

, difficult the task of generating higher-level classifications
and grpupings. , ,

- t

Two applications of generating.physicarldclassifications are given in the two following
chapters. . . .

2.3.2 Attribute Classification

' The development of an approprlia'te classification scheme for the attributes of the
provisions of,a specificatiori is more,difficult than the development of the physical
classification, for the following reasons':

)-

. there is i general lack of suitable definitions or attributes; -

while the highest-level terms, subh as 1!health and safety"; aria
freely used in prescriptive as well,as performance, specifications,
there are no established subdivisions; e.g., subdivisions of health
into biological, physiological or psychological health;

o' in performafice specifications, - there is a large jump fromgdheral
statements of "user needs" to tnmore detailed prescribable
attributes that can be addressed directly by the provifionsr

in prescriptive specifications, usually resulting from a long,*
his,torical process of, accretion, the original attributes may be
lost, blurred or combined 141./1 others, as 4rn the ubiquitous
'"health and safety".

.
.

This problem is further complicated by the frequent' referencing Of,external standards
in both types of specifications. These references

,

,typically dgscribe "what to do"
or "how to dä it rather than "why", that is, the attribute to be satisfied. ,.

_
. o

. . . .

. : . Two approaches to generating attribute classifications are ,discussed in the following
two chapters.

2.4 Organization of Performance:Specifications
..*-3i;

Perfo;mance specificationstntroduce two additional considerationt bearing on the
organizational model or specifications, as described in the fhlowing sections.

2.4.1, Property Classification
.

.
1

-
. .

. .....), . .

As described in Section 2.3.1, one crucial objeCtive of performance specifications
is.to avoid Dverspecification tf the physical enities involved, so as to allow for
innovation in design. In other words, the specification writer must avoid any
mention of specific physical entities or'61me address them in'anziMpiementation/inde-
pendent fashion.

, .
,

i -``' '

.

...' . . ..

The current study has revealed a mech'anism (not previously identified) which has been
useo6by performance specification writers to overcome this double contlraint. The
mechanism involves addressing a number of physical entities by commonlropertles,

.

rather than through extensive enumeration. These, properties occurin provisions as
moaifiers'of nouns which refer to physical entities. ,ThUs, in gtateMents,such as:

. . .

4 "-System,assemblies containi ng heattrdnsfer fluids"
. .. ',' .' , 0

.0_ -"comifonents involving mailing parts" '

q'SubasSeMblies . . that are a4cessible"
x t*

0' !. : ......
01
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r

-
. : , ....

.
. ...- _ ....

.

each underlined portion, which modifies the noun preceding it, calls attention to a
specific property, while avolding'a detailed enumeration of all possible physical
entities poss ng this property. The concept of property is.thus used in .
performance specifications to achieve economy of terms and precision without over-
specification. .

.

, V
.

.
.

e concept of property acts as an indirect coupler or selector between the ptiysical
ntities and the attributes. SpecifiCally, a property calls attention to a
performance characteristic,.common to some.group'of physical entities, which may be .
susceptible to a dysfunction associated with,a particular attribute. In the three r'

examples above) "system assemblies containing heat transfer'fluids" are subject to
mechanical cid chemical forces which may affect durability, "components involving,
moving parts" are subject to wear and deterioration, and "subassemblies that are
accessible" may cause hazards'to occupants from exposure to higip temperature.

- e_
.

The development.of a classification scheme for properties must therefore parallel that
for physical entities and attributes. One scheme deireloped is given in the next
chapter. . ._

It

2.4.2 ?LTC Format' ,
r-'%.

.

,

The format of performance specifications, as used in CET, introauces.an intermediate
level of organization between that of the individual'provisionsgand the overall
clgssd.fication. This level is implicit in the "Requirement-Criterion-Test-Commentary"'
(RCTC) statement, namely:

there are one or more requirements associated with each attribute
class; ,

'a requirement is a qualitative statement regarding some physical
-

entity and some attribute class;

' there are one Or more criteria associated with each requirement; '

4

a criterion is a quantitative statement which gives a measurable
level of performance necessary to meet the requirement with which
it is associated;.

there is a test associated with each criterion;

the test, or evaluation, sets forth,the methods whereby a 4udgment
can be made that the criterion has been complied within the design
or construction of a building system;

there is (usually) a commentary associated with each criterion; and

4 ' the commentary provideS background information,

The RCTC format imposes two_ organizational conditions;

a criterion is related to its requirement by addressing: '(1) a '
subset of the physical entity; (2) a specific property grouOing,
a number of physical entities; and /or, £3) a subtet of the attribute
class addressed by the requirement.*

.

the test,.or evaluation, needs 'moo be related-to-the type of
measure given in the criterion it accompanies.',

Examples of these hierarchical interrelgtions are given in Section 3.4. ,

'

7
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3; APPLICATION TO SOLAR HEATING CRITERIA

This chapter presents an analysis of a performance specification scowling to the
general model described.in Chapter 2.

3.1 General

The analysis is performed on the-Tirst six chapters of the NBS performance specifics--
tion entitled Interim Performance Criteria for Solar Heating and Combined ?eating/
Cooling Systems and Dwellings, 1975 C121 referred to hereafter as the "Solar
Criteria." Although a formal physical entity-attribUte matrix is not used in the
specification, it is organized by chapters on the basis of the following attribute
classes:

_

. c Chapter 1: Function

Chapter 2. Mechanical

Chapter 3. Structural

/Chapter 1.! Safety

Chapter 5: D:zrability/R.411siability

Chapter 6. Maintainability

:n :.s of tne physical entities, the specification treats the follo.Wing systems
and subsystems:

the heating (H) system

the combined,sheating (HC) systems

the domestic hot water (DHW) system/subsystem

the ener transport subsystem

the control subsystem
1

the auxiliary energy subsystem

4
the collector subsystem

the storage subsystem

3.2 Classifications

Using the above specific ' on as a source, classification dchemes for physical
entities, attributes and properties were developed. These schemes and their deri-
yations are discussed in the next three-Sections. In developing these categoriei
andthe entries within them an effort has been made to inject a minimum of external

a t ..(requirements
information and rely as possible on the terms actually used in the document.
Section 3.2.4 presents the ual classification of the provisions
and criteria). It should be understood that these clAssifications were derived from'
the Solar Criteria and are not to be construed as final or definite.

3.2.1 Physical Classification

I As described above, the beginning of a hierarchical classification of the physical
"entities inv9lved is given in.the specification itself through the identifichtion
of three system types (H, HC and 4HW) and five subsystems (energy transport, control,'
auxiliary energy,, collector and storage). z ..;

.

. . .

In t,he.current study, this classificatiOn was extended in two ways, as follows. At
the topmost level, it became necessary to distinguish between the syetem.itself, - ,

.encompassing all three types, and elements external to it, such as drains, supporting
.structure, (service) manuals, and the like. At the dOwer levels,, it became necessary
to introduce an analytical framework to encompass ; .the specific terms for the entities

'

.--
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appearing in the specification, The final cla-ssification scheme Lveloped in, the
current study is summarized in Table 3.1; it;consists of the following hieravphical
levels:

.Level'I. Global: System Or External.

Level II. System type: H, HC, or DHW (ascin the Solar Criteria).

Level III. Subsystem: Collector, Storage, Energy Transport,
Control or AuZiliary Energy (as in the Solar Criteria).

Level IV through VII. Assembly /Component /Element. This is_a 'hierarchical
classification scheme with multiple subdivisions, encompassing the eleipents
specifically cited in the Solar Criteria. .

For Levels IV through VII, the'terms used and their hierarchy are. - shown in Table 3:2.
It can be seen that some sub-hierarchies are based on a part-to-whole relation (e.g.,
"mahifold" is an element of the "piping",component of the "conveying" assembly of
the "mechanical" subsystem), while other sub-hierai,chies are classifications by type
(e.g., "hazardous or toxic" is one type of "liquid" which in turn is one type of
"fluid").

It can also be seen from Table 3.2 tha the entries "Collector" and "Control"
duplicate entries under Level III: "Sub vstems". These redundant entries were
introduced in the current'study to ensure =at the physical entities listed under
each 4.re restricted in application; that, e.g., "glazing" applies only to "collector"
and "instrumentation" applies only to "control."

The claStification of external elements is.given in Table 3.3.

3.2.2 Attribute Classification

Even though tne Solar.Criteria specification was written in performance terminology
and therefore highlighted attributes, still it was necessary in this study to
experiment with several alternatives in order_to develop an acceptable classification-
for these attributes. This testifieS to the lack of understanding of and consequent
need for research into the nature of attributes. Two of the chapter headings in the
Solar Criteria, "Mechanical" and "Structural," were rejectad as not being proper,
attributes in the sense that qualitative or quantitative performance. statements can

o be assigned to them. As in the case of the physical classification, an attempt was
made to use the claSsification and terns appearing in the Solar Criteria to the
maximum extent possible.

The following classification scheme wa selected:

1. Functionality: ability of sy tem to provide its rated output
This category can be further ubdivided into:

1.1 Rating: establishment of basic rating of system.

1.2 Efficiency: establishment of criteria whereby the
demonstration project can'be evaluated, namely,
reduction in use of conwentional energy sources.

2. Operability: requirements for satisfying performance fot the
design life of the system under actual use conditions. -A

,subdikrision into the two subcategories of Reliability and
Durability used in the document proper was considered, but-'

-finally, a subdivision was established essentially on a
stylistic basis, namely:

2.1 Requisites: performance requirements Which need to
be satisfied.

2.2 Dysfunctions: performance impediments which need to
.- be avoided.

9
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3. Habitsability:
.

reqUirements dealing'with the health and comfort
of occupants, further subdivided into:.

\;

-3.1 Health/

.2 Comfort.

4 Maintainability:' provisions for maintaining the system in
good operating Conditions,

5; Safety: provisions for mitigation of 'hazards; further' subdivided,
where applicable, into;..,,

A5.1 Safety with respect to intrinsic effects, lUch avxplosion ,
of a system component.

,.. . .

5.2 Safety with 1.4spect to extrinsic effects, such as earthquakes
or fires from' external causes. ".

.

\'The attribute classification is reproduced for leferenc\,e in.Table 3.4.
,

,

It is to be noted that four of theSe five attribute clastes (Functionality,
Operability, Maintainability, Safety) correspond to the chapter _headings of the
Solar Criteria (Function, Durability/Reliability, Maintainability -, Safety), and that
a new one, namely Habitability, has been introduced. As stated tiefore, the two'

o
chapter headings dealing,with Structural and Mechanical aspects have been omitted.

3%2.3 FrPperty Classification
.

14 As discussed in Section 2.4.1, the identification of common/ ,loperties both ' -

significantly reduces the length of'the physicaltclassificat4fpn `and acts as a,
filter or selector4to focus specific attributes onto groups dr p8ysical entities,
independently of their location in the building component hierarchy in a pai-ticular
implementation. Let it be emphasized that property is a phenomenon, discovered in the
current study and that anything said about property is based only on the analysis of e
the Solar Cnd.teria. The current study proposes the following major categories of
properties in the Solar4Criteria: .(1) external ex osure, (2) internal exposure or.
contact, (3) exposure to or cont t with 41.uids, () location, (5) ac4ss,
(6) mechanical, (71structural, a d (8), serving multiple housing units., As an
example of how a property focuses pecific attributes onto groups of physical
entities, a specific-type (3) prop rty is "containing heat transfer flUidl," which
focuses certain durability - related attributes onto those groups of phYs eal
entitles which do in'facit contain heat transfer fluids.

,ConSidering that, the notion pf property has never been formally identified, is
'quite surprising that it occurs in a very large number of the proVisions in t e
document (see the'"property" columns in Table A.1). Furthermore; it.'is worth noting
that the properties identified are alSo well- structured hierarchically, as shown in
"Table-3.5.

3.2.4 Classification of Proyision

The three classifications - physical entity; attribute and property - described in
the preceding sections were applied to the 141 requirements' and criteria contained

. 2h Chapters 1 through 6 of the Solar Criteria. "Table Al 4 presents the classification
-of :these provisions based on the information given 'in Tables 3.1 through 3.5. ,In
the table, ran entry is made only when the requirement specificallyapplie to an
elempnt of'the classification scheme; thus, blank entries mean both not plicable
and applicable to all subdivisions of a given level '

the table is not claimed, to be completely correct, northe- classification schemes
optimal. In particular, as mentioned earlier, the physical classifibation is
somewhat redundant, inasmuch as "Collector" and "control" appear in both. the
subsystem (Level III) and assembly (Level IV) classificatibhs. .Also, the provisions
dealing with the heat .tifa.nsfer fluid*are classified both under'the "energy'bransfer"
subsystem (Level III) and under "fluid" clastification (Level IV).

°
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Second, the interaction between the-assembly category of the physical classificadon
-a1141.- the-property category needs to be further'investigated; at.present, the
assignment of a provision to entries ip one or both

s'

is occasionally
arbitrary, reflecting, in some cases, the ambiguity of the iexb. N' example,

1,Criterion 2.6.2 is entitled "Air quality" and thud suggests a provision whose A
' \ subject 'is the component "air "; the text 9f the criterion, however, deals with "d t

, and fan systems", i.e., physica.entitieS having a property "exposed to ail." '

,::-,,,,. 4 ,, . .

Finally, on the attribute side, ae creation of the new attribute subcategory "health"
. .

\

appears to be somewhat premature, as in many cases dealing with mechanical subsystems
the provisions are simply identified with the general attribute "health and safety."
,Siallarly, the recurring statement "safe and efficient operation" defies precise
.olas\sifiCation by attribute at the present state of knowledge.

,_,

Notwi\tnstanding the above incons tencies, Table,4A.1 coultbe used to review the
SolarCritefta and suggest chan s in the.organization of that specification based
on'the\following observations: - . ,

. the physical classificatio occasionally too detailed,
and an attempt should be mac 'to express the scope of a
rovigion differently than_

ezpli
extensive enumeration of .

ompodents. 4,

. a .

te treatment.of the property classification deseryes
considerable further-ttudy.

.

' theattribute categories should be more carefully defined
and

o

an tttempt.should be mad ':to split the major categories
.'

into more meaningful subcate ories..
S

\
,

.

Additional rues of usage are given). 'thapter,5.
,

The tabulationaven also lends itsel te3 the ,generation of summary statistics which
could be used to improve and "even out' ,the coverage of the document.. As a simple
illustration, a frequency.c unt of the `attributes occurring in the provisions is
given in Table 3.6. Such a table could\be used to ascertain whether the number of
provisions is commensurate with the impAtance and complexity of the various
attribute classes. , . .

3.3 Structure of Provisions

4rn this section attention is turned to the manne4' in which provksions
r

are put
,

.

together out of constituent parts. ,Struct res,are introduced which fallow one to.
"talk about" important concepts whiCh are r alized in the wording of provisions (as
is done in Chapter 5). Sectio -3.3.1 deals with the structure of the provisions As
they actually occur in the Sol r Criteria; Table

i
3.7 summarizes this structural r

classification as 1.,t applies t requiremehts. Section 3.3.2 proposes standard forms
for requirements and criteria which would, exp icitly incorporate certain concepts into
the actual sentence structure. These propose structures'are based on wording

, observed in tte Solar Criteria; they form the asis of the,rules of usage elaborated
\ in Chapter 5.r

'

3.3.1 The Solar Criteria Provisions

r the most part, the prbvisions in the Solar Cr teria`contain a subject followed by
, aAredicate. This observation on structure can be depicted as follows:

. .

.

-. .

*Hereafter in the text and in the'tables, C is often sed for Criterion
(e.g., \C 2.6.2)- and R is often used for Requkrement ( .g., R 2.6).

j
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:FRU SION

Examples frpm'the Solar Criteria are:

C PROVISION

SUBJECT

Components and
1

materials uveu in

the H, C. and DHW systems

-1

R 2.7

SUBJECT

Pipe hangers, pipe trenches and

other supports

.1

Note that in both cases the SUBJECT refers to 9r makes some mention of a physical.
eatity and the PREICATE re,lates to one (or very rarely, two) of the performance
attributes.

PREDICATE

shalrnot promote the growth of fungi,

mold.or mildew

PROVISION

PRE 1CATE.

shall carry the Static and operational

loads normally Imposed without impairing

syster function.

So much for the simplest structure for provisions. Many provistons in the Solar
Criteria are more complex. One additional complexity is the condition ,,a group of
words appended in front of the basic structure introduced above for the purpose of
postulating a certafn4.44plementon. The structure accommodating this comDlexit5r
is: ,x

s. .a.
.

\
''., .

,

\
CONDfTId

, s

Examples fromthe Solar Criteria are:

.

PROVISION

SUBITECT

C 2.2.3 PROVISION

CONDITION

When'a liquid Is 9Sed as

the trdhsfer fluid and

quick-closing valves are

emplcNd in the desIgn

the Wing system

12

'PREDICATE

_25gy SION
--

PRE CATE,

shall be pable ofN providim

Lts rated'output under design

-lnads.



.R 1.4 PROVISION

CONDITION PROV SION

-When,Ancluded in the

design

SUB CT PREDICATE

;hall be capable of

providing its rated,

output under design

loads.

the storage subsystem

C 2.2.3 uses a condition to postulate an implementation using A liquid transfer fluid
in conjunction with .quick- closing valves in ordem to call attention to the problem
of "water hammer." R 1:4 postulates an implementation using a storage subsystem to
call attention to the necessity of providing rated output under design loads. Note
that'these provisions postulate the incorporation of certain physical entities
in acceptable designs without specifying the incorporation of those physical,
entities.

Another complexity in some provisions is the presence of a property (see Section
2.4.1 illtr an introduction to the notion of property). Properties usually the
faTM of groups of words in the subject position which modify (and come after) words
which refer to some group of physical entities. They arc u3cd in provisions to .

group together a number of physical entities in a possible implementatiQn which are
-subject to the saj1e dysfunction. The following examp4,es clarify these points:,

rr .

C'6.1.2 PROV SION

SUBJECT
a PROD CATE

N, shall not degrade under in-use

PROPERTrtComponents condj.tiOns to the extent that their

that are intended to be function will be impaired during their

buried in the soils design life."

R 3.7 PROV SION

'H, HC and DHW-system

components and sup-

Porting.structurll

elements

PROPERTY

exposed
I

to the

natural environment

13

. PREDICATE

V'
shall be capable of resisting

impact by hail without unacceptable

damage.

20
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First, no e that in the subjeCt'position.in both these provisions, a word or group of
words ref rri,rig to a.set of phySical entities comes first_, folioyed byia property . ,

which mo ifies the preCeding word or group of word.s. Note alSo.that the p'redioate in
each cas mentions a dysfdnction (degradation in C 5.1.2 and imRact by hail in R 3.7), '

that applies-to the physical entities grouped together by the property (components
buried in soil in C 5.1.2 and components e-xposed tem-_the natural'tenvironment in R 3.7).

Table 3.7 gives a representation of every re--quirerremPt in the Solar Criteria in terms
of the concepts just discussed. A few ekaerrations concerning these representations
are in order. First -theye are two requi-re-Tern(R 1.1 and R 4.5) Which contain two
senDences; in both ehez--.the table gives a 'representation of the 'first sentence only
since it was felt tnat only the first sententecould stand alone as a requirement.
Second, two requirethents (R 2.6 and R 4.5) were re-worded in order to better fit Vie,
representation, scheme; the re-wording does riot. change the meaning of either of th8i
requireme-ifer.as they occur in theSolar Criteria. Third, the Consistency.of this
table with the classification of requirements given in Table A.1 is not guaranteed
in every case. This is because extensive re-wording of the provisions would be
necessary, and re,.wOrding prom the original text has been kept to an absolute
minimum; e.g.; Tabl.A.1 splits requirements that Adress.two attributes whereas
Table 3.7 ,leaves the original wording intact. Finally, as discussed below, criteria
,:ould, be subject to the same sort or representation schem# above equally successfully.,
though this has not been done. -The only' obvious problem in the way would seem to be
that the complexity of the wording of some of the eftteria in Chapter.3 of the
Solar Criteria exceeds that of the,str.uctures introduced.

3.3.2 Proposed Structures for Provisions
4.

Theproision structures introduced in the previous section are applicable equally to
requirements and-sriteria. This section introduces tentatively proposed structures
which,distinguishbetween requirements and criteria. These structures are based on.,_
the wording found in some of the pro%isions in the Solar Criteria% They are not as
generally appliddble to the actually-occurring provisions as the structures introduced
in Section 3.3.1.,..The structures intthis section can be thought of as proposed models
fur rewriting currently existing proviWns or for composing new ones. As such, they
form the basis of the rules of usage,inChapter5.

The tentatively, proposed tructUres for requiremen4are now introduced. First, the
basic structure:

11,

REQUIREMENT

SUBJECT
44.

OPE TOR

CATE

ATTItIBUTE

.

The only structural innovation here is that" the py dicate is composed of two parts:
an- opetator and an attribute. The operator always' consists of "shall" possibly

.

fdllowed by "be," "not," or "not be." The. attribute is a seqEence,of words relating
to one of the attribute classes. 4,6.,-, ,

a.

A



/ 11txainpl s from the "Sole ria nOw,followi

RE IREMENT
O

a

op

Oar CATE

The N

energy into thermalt
energy.

4

4.,0 w

RE RE2Ls...SE ..,$sNT

.f
' \It 4.2

\ .....,_

SUB CT PA-1d.

.,,, 1 , 4,,, ... ..._ ,

--- OPERATOR " ATTRIBUTE
I.

a
The H, HC an DHW syst ms shall be fail' -safe )re the event

,0 . 4'
vil :

of dams* $o systeni-

4 , .components or a power

'
failure. Iv'-

.

---
- Note that in both case's t e operator is "shall se" andthat the attribute in R 1.1,is

1,5
,..4, .

equence of word's relating to the rating attribute class, while the attributes in
'Rr 4.2 relates.to intrinsic safcty.

)

. .
.

._ .

T'.4

The prop
*W

osed structures accommodate condition
.

-
,

ndTroperties discussed in the
precedin4 section, as the-'following examples ,s w: nem .

.

R 1.4 -REQUIREMENT'

CO ION

-4

O

REtENT

Wheri included , SUB CT PRCp CATE 4.,
. . -

in thb design

_

the Stir .DEERATOR ,-. ATTRIBUTE

.
\ I

I .,,4.

v4 -,' ce 'shall be capable of pro-

. ..

.

.'

Adding its rated 4"

..

. . p

output under

,design
4



Attentionis now turned to tentatively proposed str.ct,:.:s for criteria. Everything
just said about parts of requirements applie6 to parts of criteria with the exception
ofthe.at.tribute. That is, criteria and requirements are similar in tha't both can
contain conditions and properties, and in that both can contain the same types of
subjects and operators. They differ in that where requirements have attributes ' ''''

criteria have measures. A measure states the level of performance that the physical
entity must achieve in support of the 'requirement associated with the criterion. A
measure is composed of two parts*c a phenomenon, which identifies a dysfunction to ,

be avoided, or a requisite to be assured; and a quantifier, which states a methbd for
avoiding the dysfunction or assuring the requisite. ,

r
1

.

. .

...

. Criteria can be clasified acc'ording to'thq ways in which they specify methods for
assuring performance. A classification lased on the analysis of the Solar Criteria

.-___,J, is now presented. First, there are those critbria whichrefer-to other codes or
standards for complete conformance-checking procedures; these criteria are called
implicit criteria (see Example 1 below). All'other criteria are explicit criteria,
of which ,there are two-sub-types: complete and incomplete. IncoRI=77.Friteria.,are
those in which no quantifier is stated;,only such Words as "is ed" or "is
assured" are used (see Oamleat,Z,below). 'The two sub-types of complete criteria are
existence criteria - thdsin which the existence of a device or concept is
specified in the quantifier' (see'Example 3)'and value criteria-- those in which a
value is specified'in the quantifier.

.

4 1. e
There are three sub-types of value criteria; value from document -*those in which

,,,,ithe

value which assures performance is.given in the solar criteria document - either
in the criterion under observation or elsewhere in the document (see Example 4);
value from design - those in which the value is stated to be governed by the design
of the system (see Example 5); and value from other source-- those in which the
value is said to_he obtained from some other code or standard (see %xample 6). This

rr, classification scheme is summarized by the following table: r.
. .

4--'

Criterion

1 Implicit
2 Explicit

2.1 Incomplete
2.2 Complete

Exist e
2.2.2 Value

2.2.2.1 Docu ent
2.2.2.2 Des gn
2.2.2.3 Ot ei Source

_ 0

/Except for measures i implicit cr
'

,?,

R 2.3 REQU EMENT

_

SUBJECT

PROPEkTY

System containing heat

assemblies transfer fluids'

a

OPERATOR

shall not

.

PgEDICATE ,

ATTRIBUTE

leak to an extent

great4r than that
,

specilied in the

deign when operated

at the design

condition.

,

eria (see below.); these are pot subdivided.
\ ,

16



-Measure in implicit criteria is-not subdilAided into.phenomenon and qdantifier.

7

The folloWing trees acre displayed in order to betterexplain the quantifier'
constituent. The wording of the criteria in these trees is not always the zame as
the wording in the document; rewording 4 intended to bwithotit change in meaning.

1 . , .

Example 1 - Implicit Criteria - C 4.1.1- i

.
1

lkote that the Measure here rbfers to another source for the. whole conformanCe-checking
procedure.

,.
. . ... 4

,rte

S

0.

SUBJECT

Plumbing materials

ara- equipment

CRITERION

PREDICATE

OPERATOR

- 1

shall be

S

..MEASURE

installed in l'ccorda ce

with the MPS and ANS A119.1

.

Examp le 2 -Incomplete eriterhon - C 4.2.1 ,

The first sentence"ofthis criterion contains two phenomena.; damage to components
and danger to occupants. The following exampl.e is an analysis of the'part dealing
with damage to components. Note that the criterion is incompliete in that it does
not introduce a gliahtltative measure.

TERION

BJCT PREDICATE

I

The control

- subsystem

t

17,

OPERATOR MEASURE

shall 4 is/Avoided
f !

.

PHENOMENON

I

designed so that damage to components

and the building from excessive..

temperatures or pressures developed

in the event of a tow6r failure or

component fa4ure in the control

system.

ft

24
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,Sxwmple 3 - Existence 'criterion C 1.7.4

The first sentence of thia criterion is reworded and analyzed

4 '

1/4

SUBJECT

The DHWityatem/
subsystem

CR ERION

V

40.

annul'

shall be

CATE

as follows:

SUREI

PHENOMENON

designed 'so that

the iigalation
of domestic water

(output temperature

Example 4 - ValueFromDo6Ument Criterion C 1.7.4
-

The second sentence of this criterion isreworded and analyzed es

./

CRI ERION

QUMITiFIER

is assured by
,providing a /

manually set, -
automatic control.

-

SUBJECT

The,D4W
subsys,tem

..

'OP TOR
.

system/ shall be "

PRIUTiCATE

A k

PHENOMENON

designeId so that
water temperature
at the DEW .

storage tank ),-

QUANTIFIER / -

I

capable
being controlled
Within the
rangeof 160
to 160° F.

Example 5 - ValueFromDesign Criterion C 1.6.1
4 --

*

*SUBJECT
I',

The energy transport
subsystem;

ea

0

CR iION

OP TOR

shall be A

18

PHENOMENON

MEASURE.

designid so,that-
thermal loises and
use of electrical

power

2

e

QU IFIER
I

shall not
. exceed the

operating
design values.

t

tie

jv

4



Example 6 - liqlue-From-Other-Source Crites on - C 1.2.2'

t

%

3.3.3 Test'

SU ECT

The DHW system
OPE TOR

shall be

C TERION

ICATE ,

PHENO ON

designed so that/
the storage
capacity

-; n
Following-each criterion in the Solar Criteria there is a test or evaluation which
sets forth the methods upon which an objective judgment can be made that the
criterion has been complied with. Two general types of test methods, eactilwith
three subtyp's, have been identified in the document:

.1

QUANTIFIER
I - -

shall not be
less ,than the

volume specified
in the MPS.

Test Methods

A. Analytical'

1. modeling

2. calculatibns

3. :inspection of plans and specifications

B. Physal et,

1. testing

.2. documentation of historicarpertaamance

3 testing in lieu_of calculations and performanbe

Examples of each of the-above are:

E 1.1.4, ". . .An analytical motel . shall be utilized. : "" ro

A2.. E 1.1.1, ". . .caloUlations based upon ASHRAE analytical I4thods."'

A3., E 1.7.3, "Reyiew of drawingi and specifications. ""

B1. E 3.4.1, "Physical siMulation and testing. . "

B2. E 5.2, "Documentation of satisfactory long term performance
under in-use conditions. .." i o

1

E "Where adequate existing information is unavailable,
testing. . .will be used." .

There seems to be no reason at this time in the development of,ihia,classification
s'Ystem,to analyze the structure pf evaluation statements in the way, that requirements
and criteria have bpen.analyzed. This is because such statements are of little

,,interest in and of themselves; they acquire_interest and importance only as they are
associated with their related criteria. This aneAT the hierarchical relationships

<.. discussed in the next section _

° 74.

%
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3:'10;-ReTC Format

0

In this section, the two organizational requirements introduced in Section 2.4.2 are
explored in light of the proposed structures discussed in SectiOn 3.3

A

First, a criterion should be related to its requirement, by the faCt thAt it addresses:
(1) 'a subset of the physical entity; (2) a specific property associated with the
physical entity; and/or (3) a subset of the attribute class addressedby the
requirement.

Examples or these three relations are nowpresented in turn:

1) ,R 4.1 addresses plumbing and electrical materials and equipment

r
C 4.1.1 addresses plumbing ;,tateriai a ana equipment

C 4.1.2 addresses electrical materials and equipment

2) R11.6 addresses all material and equipment

C 4.6.1 addresses materials in contact with potable'water
o

C 4.6.2 addresses subsystems utilizing nonpotable heat transfer
fluids

3) R 1.2 deals, with the amount and temperature of the potable hot
water-to be supplied.

A

C 1.2.1 deals with the acceptable temperature of potable hot
water - _

'

C..1.2.2 deals with the amount of potable hot water.

Second, the evaluation needs, to bt- directly relatedito tne type of measure given in
the criterion it accompanies. Using the classification of measures presented in
Section,3.2.2, the following observations can be made:

The existence measure seems to be the most general and any one
of the six evaluation types may be associated with it;

The value Measures seer to call for a restricted set of evaruation
types, presumably on the easis that if a value or range of values
can be established in the document, there probably is not enough
uncertainty to Warrant the use of all six evaluatioh methogs

The implicit, measures also seem to be paired with a restricted \
subset, presumably because these criteria usually reference
prescriptive codes and such codes do not. zenerally allow for
conformance checking at all six of the evaluatioN levels; for
example., testing is4not allowed.

Examples of criterion - evaluation pairs folloC one for each of the threecmeasure
types.

EAistende measure

C 1.7.31 The DHW system/suesystem shall, be provided with a
marLally set, automatic control' that provides effective regulation
of the domestic water output temperature.

E 1.7.3: Review of drawiingssond specifications.

Value measure
.

C 1.6.1: Thermal losses and use of electrical power .in the
energy transport subsystem shall not exceed the operating design
values._

E 1.6.1: Engineering review of drawings, specifications, calculations
and test "data.

2027
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Implictt measure

C 2.7.1: Piping shall be installed in'aceortiazIee with Section 615 of the

MPS-0900.1 and 4916.1) and Part,C of the ANSI A119.1, where applicable.

E 2.7.1: Review of drawings, calculations, and specifications.

333.463 0 ?I 4
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Level: I

Table 3:1.

Physical Classification

III Iv -VII

.

-Global
.

System Subsystem Assembly.

A. System

.
.

-

A.

B.

C.
.

H, HC
HC only
DHW

A. Collector

B. Storage -

C.® Trinsport

D. Control.

E. Aux. Energy

(See Take 3.2)

B. ,External .

.

. .

(See Table 3.3)
..

I

2

4.

22
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Table 3.2

Classification by Assembly
(System tomponente)

Level IV V .VI VII

1. Mechanical
1.1 Motive

1.1.1 Pump
1.1.2 Fan

1.2 Heat Exchanger
1.2.1 Hester
1.2.2 Condenser

1.3 Conveying
1.3.1 Piping

1.3.1.1 Manifolds
1.3.1.2 Circulation Loops
1.3.1.3 Catch Basins
1.3.1:4 Drain/Fill Attachments ,

1.3.2 ffucts

1.4 Hangers

2. Electrical

3. Structural
3.1 Conventiqnal

3.1.1 Ultimate strength
3.1.2 Working stk.ess

3.2 Non-conventional 5

. Collector
4.1 Mounting
4.2 Glazing
4:3 Cover Plate

5. Control
5.1 Regulators
5.2 Instrumentation
5.3 Controllers
5.4 Shutoff Valves

6. Fluids
-,6.1 Liquids

- 6.1.1 Hazardous or Toxic

7: Filters

. 8. .Gasketsand Sealants

23
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Table 3.3

Classification of External Elements1

Level: IV

,

a

(.,

1. Drains

2. Supporting Structure

3. Fire Resistant Assemblies

/

4._ Manual

o ` .

;

r

..

)

.. .

a.

i.,...

.P.ki

t

r
.^ .

t .
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Table 3.4

Classification of Attributes

Level: I II . ,

gs

o r

2.2 Dysfunctions,
A l

3. Habitability

3.1 Comfort

3.2 Health

.1. Functionlity

1.1 Rating

1.2 Efficiency

2. Operability

2.1 'Requisites

4. Maintainability

Safety'
4

5.1 Intrinsic

5.2 Extrinsic --

t

rY
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Level: I 'II

Table 3.5

Classification of Properties

t

1. External Exposure

1.1 Rain, Hail,. and
1.2 Pollutants-, SolariDegradation
1.3 Freezing
1.4 Wind

';. Internal Exposure or Contact (other than fluids)

2.1 Elevated Temperature and Pressure
2.2 Dissimilar Materials
2. Leachates and Decb osition Products

3. Exposure to or Contact ith Fluids

'1.1 Potable Liquids
3.2 Non-Potable Liquids
3.3 Corrosive Liquids
3.4 PresOftiigd Liquids
3.5 Liquies R4quiring Special'Handling
3.6 Air 4' ,\

4. Location.

,

4.1 Elevated X,

4.2 Buried

5. Access

..
5.1 'Requiring Access. \
5.2 Accessible to OccupdIt

6. Mechanical

6.1 Subject to Vibration
6.2 Involving Moving Tarts

7. Structural

- 7.1 Requiring Cutting

8.- Serving Multiple Housing Units

ef,

26
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Attribute.

1.1 Rating

1.2 Efficiency

2.1 Requisites

2f2 Dysfunctions

3.1 Comfort

3.2 Health-

4 Maintainability

5 Safety

5.1 Intrinsic Safety

.

Table 3.6

Frequency of Attributes
Number of
References

15

2

40

61

7

.

18

9

, -

8

27

3
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Table 3.7

Analysis of Requirements

- SUBJECT .

CONDITION ' -PROPERTY PREDICATE

R 1.1.

--

The heating (H) and
.

combined heating and ,

cooling (HC) system

. shaJ1 be capable of Collecting and converting solar (

energy into thermal energy.
..

,

R*1.2
..>

.

The domestic hot water
(DHW) systeM7subsystem

. *

shalk be capable ofpollecting and converting radiant
solar energy into thermal energy which shall be used
in4combination with storage, where provide , and

auxiliary energy to supply an adequate amo nt-of potable
4

hot water at an acceptable temperatrre to eet the
needs of the user.

R .3 The solar collector

( .
.

' shall absorb and convert incident solar energy into
useful thermal energy.

-1-.4' When included
in the design,

.

the storage stsyqtem
- 1

e

. . .

shall be capable of providing its rated
4

output under
.

design loads. .

R 1.5 The presence of the .

system components

.

'-,..

shall not significantly affect the efiicignt operation
of the H, HC or DHW system or the habitability of the
,dwelling.

R 1.6

t.

The energy transport
subsystem

4 .k, .

.

01411 transfer ;We
..
required thermal-energy between the

operating subsysTOMQ:At-or_above the design efficiency
under deSign full load conditions.'

R'1.7
A,

The control subsystem
Ns r

shall provide for the.safe dneefficient operation of
14~ .the H, HC and DHW systems. "'

1.8 _

.

The auxiliary energy
-subsystem

-.

shall be integrated into the H, HC and DHW systems to
the extent necesary to automatically provide thej
designed heating, cooling and domestic hot water.

R 2.1 The systems foe-heating ,

-0) and combined heating
and cooling 10 and the
domestic hot water (DHW) *,
system/subsyitem .

-

-

shall be capable of, func'tpning.at their designed flow
rates, pressures and temperatures.

N.'?,, . '

.
o -

'

_

0

R 2.2
7.-

'Mechanical stresses that
arise within the system

147
..

shall not cause damage or malfunction of the system
or its components. r
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Table 3.7 (Continued)

SUBJECT
.

-

CONDITION .
-41..

PROPERTY
.--

PREDICATE :

R 2.3 41 System assemblies containing heat

tradsfel fluids

a

shall Clot leak to an extent greater than, that specified
-----

in the design when o ated at the design Conditions*.

R 2.4

.

. .

The collector subsystem
.

.,

,,V.'

she be be capab of being locatdd, oriented, and tilted

as ligquired y they design to capture sufficient solar

energy to meet functional requirements.

'R.2.5 Shutdown of the sub-
Systems in one dwelling

unit
.

shall not impair the distrAbution of energy to other,
dwelling -units of the building.

.

R 2.6 The heat transfer
fluid

'shall be maintained at a level of quality that does
,.
not impair'its heat transfer function. 1.....

R 2.7
.

.

4
Pipe hangers, pipe*r
trenches, and'other

,

supports _

. ,
shall carry the static and opeyational loads-normally --
imposed without impairing system function.

- '

R 2.8 The piping system and
associated equipment

shdil be prqtected against rupture or'ltakage from
excessive pressures and temperatures.

r'
R 3.1

.

.

,

.

The structural design'
of the heating (H),
combined heating and
cooling ( CY and the
domesti of water (DHWY"

system including con-
necti ns 4ad suppofting
stru turalelements

.

.
.

,

.

shall be in accordance with nationally recognized codes
and standards and Mall be based on loads anticipated
during the service life of the systems. .

,

/-. I, .
'

. .

.

a

.. . -

R 3.2 The s ructural elements./
and co nectiOns of the :

8
2.,

BC and DHW systems

.

-shall not fail' under ultimate load's expected during
.

theseryice Life .of the-system. ..

14

R 3.3
-

4 The structural elements
and connections of H,
HC and DHW systems.

'

shall be designed to withstand service loads without
damage of unacceptable magnitude.

. a

R-3.4
4

- The structural elements
and connections of H,

HC aid DHW systems

.

.

fp

.

shall not fail under the applleat-ton of cyclic loads
expected dUrinethe service life.

R 3.5 Cutting of structural
elements for the install-
ation of H, HC and DHW
systems

.

shall not reduce the'required load. capacity'of
structural elements.

.

,

37
4
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.4 Table 3.7 (Continued)

SUBJECT ...- .

.

. CONDITION_
-

PROPERTY PREDICATE'

R 3.6

-
t

.t

,
The load capacity of
structural connections
and elements supporting
the II, He and DHW system
components

7 shallhot be impaired by the effect of creep and
residualdeflettions.,

.

..

R 3.7 1 HoNkai11.DHW system
codpodents and support- ,
ing structural elements

exposed to -the
natuial
environment '0-

shall be capable of resisting impact by hail without
unacceptable damage: -

1r _

R 3.8 ..The structural elements
,and connections of H,'
-HZ and' DHW systems

Nhall comply with Criteriofi 3.2.1 while simultaneously
'subjected to constraintgloads expected during the
service life.

R 3.9

.
,,,

BoAzontal surfaces of
tjle\H, HC and DHW

-sVstems

.

.

.

.

shall be desimed 'in a manner that will assure
stability in service,under ponding conditioni.

. --

RAc34 The design and install-
ation of tha systems
for heating (H), combined ...,_

heating and cooling (HC)
and tW domestic hot
water (DHW) systei/
subsyStet and their

_

components

.

'.

t

a

shall be in accordance with nationally recognized ,

plumbing and electrical codes and standards for hevilith
and safety, where applicable..

. ,

. %
6 ,

. . .

.

R 4.2 .TheH, HC and ,DHW
systems

4

shall be, fail- safe in the event pf damage to system
components or a poWer failure.

R 4.3
'

,

I
cili,

/

e-1,

4 The design and install-
ation of the H, HP and
DHW systems and their
components

--
.

19.- 1

shall provide 4 minimum level of fire safety consistent
with applicable codas and standards. .

-

R 4.4

. .

. Heat transfer fluids

,

which require
special han- ..,used

vz
dling because
of toxicity and/
or flammability

shall not be used unless the systems in which they are
are designed to avoid exp6sing theoccupantii of

dwellings to unreasonable hazards.
-s-

,,,

-4« ,

,



Table 3.7 (Cottinued)

° - SUBJECT - .
,

CONDITION PROPERTY . PREDICATE 6

R 4.5
,

.

.

.

The H, HC and DHW -systems.
-

shall not unduly hinder the movement of occupants of
the building or emergency personnel.

R 4.6
.

.

.

No material, corm cf

construction, fixtuee,
appurtenance or item of
equipment

%

. a

.

'shall be employed that will support the growth of
micro-organisms or introdimetoxic substances, --..,_ ,

impurities, bacteria or chemicals into potable water or
.p.,,.

air circulation systems in quantities sufficient to
cause disease or harmful physiological, effects.

R 4.7
- .

Temperatures of-exterior
surfacas of the H, HC
and DHW syetems.

,

shall not create a hazard.
.

.

R 5.1

.

.0

..

i

The systems
.

for heating
(H) and combined heating
and cooling (HC) and the
domestic hot water (DHW) .

system/subsystem and
their various subassemblies

,

.

,

shall not be affected by external environmental
factors to an extent that will significantly impaii
their function during their design life.

. '

' .

R.5.2 . .Components

-.

.

. .

shall.be capable of.performing their.intended function
--!...,

for their desi ggnAife when xposed to the temperatures
and pressures that can be developed in the system.

R5.3

.
N.,.....

,

Materials used in the. *
systems-and their various
subaesemblies

.

shall have sufficient cheqical compatibility to prevent
corrosive Wear and deterioration that would significantly
shorten the intended service life of compOnents under
in-use conditions.

1

R 5.4
.% .

.

,

f
...

. .

Components
.

.

that involve
moving parts theirdntended

.

shall, with normal maintenance, be capable of performing
function without' excessive wear or

deteridiation for their service lives. .

R 6.1
'et'''. .

The systems for heating
(H), combined heating
and cooling (HC). and the
domestic hot water (DHW)
system /subsystem ,

, .

shall-be-desigated, constructed, and installed to
provide sufficient access for, general maintenance,
convenient servicing and monitoring of system
performance.

.
.

-., .,RA manual t shall be provided for the installation, operation and
A-maintenance ofthe H, HC and DHW systems.

R 6.3k,

. .

The H, HC and DHW
systems *

shall be designed in such a Amer that they can be
conveniently repairedtY-qualified service personnel.

41 ,
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4. APPLICATION TO PLUMBING CODE

This chapter provides an analysis,of an existing prescriptive specification to

determine how its information is classified and organized. This, when added to the

performance document dealt with in Chapter 3, provides a broader spectrum-for the

analysis of specs ication provisions. .

4

4.1 General
-

.

The provisions of 'the Uniform Plumbing Code '(`'often referred to hereafter as the c

"Plumbing Code") [21] are analysed by: 1) Physical Classification and 2) Attribute

Classification. This analysis differs from the previous example of classification of

_ the Solar Criteria see Chapter 3) where provisions are analyzed by: Physical

Classification 2).-' ttribute Classification and 3) Property. In a performance

document, the lassification of prdvisions by "property" encourages ti use of

innovative ma rials and methods of construction. An example of the u e of a property

is "assemblies carry g heat transfer fluids." This ,WOrding in a provision allows

the use of any asser4y which satisfies the property. On the other hand in a

prescriptive.dOcumentlsuch as the Plumbing Code, the assemblies or components which

should satisfy a particular attribute are enumerated. Hence, the concept of property

has no place in a preScriptive document.
,

.

4:2 Classification .

.

.
(

Classihcation schemes for organizing the provisions of the Plumbing Code are developed

and presented In this chapter. These include classification sChemes for physical,

entities and for attributes. The classification of provisiOns of the Plumbing Code ,
.---

is prefted in Table B.1, Appendix B. These classifications were derived from the

.Plumbine, Code, and, as was the case for those derited from the Solar Criteria, these

are not to be construed is final or definite.
_

4.2.1' Physical Clapifici1 tion

Table 4.1 presents the ovel-all physical classification scheme developed in this study.

Through an iterative proceis an acceptable framework was developed for encompassing

specific terms for physicai entities ,appearing in the Plumbing Code. The top level .

(Level I) of they physical c assification scheme is labeled as Global. It addresses
.

the entire plumbing system 0 may pe identified with 'any of tETTUEgroups of the

physical classification sch es. Level II of the physical classification scheme is
.

.

labeled as System. It incl s the entries: Drainage, Venting and Water Distribution.

Systems.' Each or the above stems are separately subdivided into Subsystems

(Level III) and Components ( eel IV). The entries identified at this level appear

in Table 4.2. Level V of th 'physical classification scheme is labeled Assembly

(Global); it includes only th4entry Fixtures and Equipment in general. Fixtures

and Equipment is further subd 'aided into Assembly (Level VI) and Elements (Level VII).

The entries in these two.level are given in Table 4.3: Level VIII of the physical

classification scheme is label d Appurtenances (Table 4.4). This includes elements,

subelements or components appli able to any of the subgroupings of the physical

classification scheme and is th refore an independent:grouping. Level IX of.the

physical classification scheme,
s-labeled Materials (Table 4.5). This is also-an

independent grouping and is appliicable to any of the other subgroupings of the physical

Ciassification scheme.

4.2.2 Attribute Classification

The Plumbing Code doesnot specif
plumbing codes do include specific
to cover situations not specified
specific performance rules was the'

reproduced in Table 4.6. Another d
through Guide Criteria [1G], which
scheme for plumbing.. This classific

attempts-Wene'made eo4claslify the p

two attribute schemes, The groupings
unique and, seemed' to be incomplete in

the Plumbing Code. Therefore, it was

classification scheme. Level of the

scheme develope4 in- the previous chapt
headings in the clasSification sche e

O

performance attributes. Howeveii, other model
erformance rules or principles which are intended

the body of the codes. The first code to include
ational Plumbing Code (14j. These rules are
ument identified was the HUD Operation Break
cludes a performance attribute classification
tion scheme is reproduced in Table 4.7. initial

visions of the Plumbing Code using Tie a'bov'e

under_the two schemes did not appear to be

the classification of some of the provisions of
ecessary to develop an alternative attribute
scheme corresponds to a large extent to the

for-the Solar Criteria. The definition o'

i as follows:

32

43



,
4...

../' 1. Function: ability of system to perform its intended function.

..
..--1.1 Water supply

, ,

, ... - . . -
. .,:

1,

Water should ,be supplied in sufficient volUMe.so that plumbing fixtures
can perform their essential function under normal conditions of use.

1.2 Mater supply and drainage flow it

. Water supply and drainage systems sllbuld provide adequate minimum flow
rates in accordance with design.conditions.

Is

f,

1.3 Pipe sizes

Water supply piping should be sized-so that it Can perform
essential function without excessive wear and noise. Drainage
piping should be sized So.that sewage can be transported to an
acceptable-iToint of disposal without overflowing or accumulating
within the premises.

.

1.A Sewer and drain connections

Plumbing fixtures and equipment which discharge liquid wiite or
sewage should be directly connected to the san.tary drainage
system, except where indirect connections are required. The
waste should be transported to an acceptable point where proper
connections should be made for further transport to the main
sewer-.

1.5 Air Flow

Proper Venting should be provided to limit pneumatic pressures, *

within the system and adequately protect trap seals. Vent
terminals should not return foul air to the building.

. -1.6 Location for function
.0

Fixture and equipment should be located so that the plumbing
system u.7..t1.22: satisfactor'ily, .

1.7 Non-interference with other facilities

The installation of the plumLIng system bhould not interfere
with the operation of non-plUmbingpystems and facilities .

(i.e., structural members should not be weakened by cuttivii,
. netching, etc.°J. and proper clearances should be provided

operation). ,
.

Li:

2: Health and Safety: requirements dealing with health andisafety of occupants.

2.1 Potable water

Premises intende fOr human habitation should be provided with
supply of pure whoiesomOiater.

2.02 Contamination

Proper protection shoul&be provided to prevent contamination of
foods and water by backfipw of sewage. se

2.3 Backflow,.overflowl siohonag4

Suitable provisions should be made to prevent backflow and overflow
of sewage inthe system. 4

33
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3

2.4 Hot-Water equipment

Devices for heating and storing water should be designed and-
installed so as to prevent danger from explosion-through over-
heating.

2.52 Number of fixtures

The minimum number of-plumbing'fixtures considered essential
for.good health and sanitation should.be provided.

3 Operability, Durability, Reliability: requirements for satisfying performance
forTithe design life of the system under,actual use conditions. a,

3.1 Damage x.

The plumbingsysteM (fixtures, joints and connections)'should be
protected from physical damage that would impair essential function.

3,2 Corrosion

The dangers of premattfre failure or exce ssive maintenance relating to
corrosion should be minimized by taking into account the character of
the water supply, 1-he soil, properties of materials and other
environmental factors.

3.3 Deterioration

Plumbing fixtures should be constructed of. smooth and non-absorbent
material without any, concealed fouling surfaces. They should be
located in ventilat d enclosures.' Appropriate, consideration should
be given to treatmeit of hazardous wastes and environmental factors.

3.4 Material durability '

. . ,

-The plumbing system (piping, fixtures, connections) shbuld tre
of durable material and capable of giving satisfactory.service

g. for -its expected life.

. 1.5, DefleCtion% misalignment and sagging
: . ,

Proper supports shoOldbe provided, spaced
.

at appropriate intervals,
to prevent deflection, misalignment and sagging. . .

:,. .

3,6 Structurantrength .
.

_r
The preper Sunctioning dr Plumbing fixtures an. he integrity f
their supports should`not 'be impaired when su ected to qtrua ral
loads. ,,-

,:. .,-

4. Maintainability: provisions for maintaining
,,conditions.

4.1 Fouling, deposits and clominF

in good ope ting,

TO guard against' ouling, deposit of solids clogging eario ts

should be proVide . These cleanouts should.be arranged in a wa
so that the pipes can be readily cleaned. et

4.2 Fixture accessibility
.

.

,

.

-4,2,VPlumbing fixtures should be installed and spaced so as to be
reasonably accessible for'maintenance.

- I

I

4.3 Maintenance procedure
9

Proper maintenance procedures should be followed so that the plumbing
system is in a sanitary and serviceable condition at alltimds.

34
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4.4 Location for maintenance

The plutbing systemp and equipment should be Such asto assure
praotical maintainabil,ity. They should be so located to be
convenient for cleaning, servicing', adjusting or replacing
various elements or components.

..5. Standards: conformance to'xternal standards referenced in the code or
procedure outlineein the code.

) -
_

5.1 External product standards t

' ,, This pertains to external product standards referenced In the.code.

5.2 External installation standards
101 4

This pertains tp external installation standards referenced in
the code. G

5.3 Accepted engineering_ practice

This provides for the judgment'Pf the code official as to the
e- soundness or the design.

(

5.4 Code procedures
A

This pertains to appropriate procedures outlined in the code and
provided' as part of the code requirement.

The attribute classificatiop has been reproduced for reference in Table 4,8.

4.2.3 ,Classification of Provisions

Table B.1 provides the results of the exercise of Classifying the provisions of the
Uniform Plumbing Code by applying the physical and attribute classificationschemes
discussed above'to the provisions. The chapters covered'are:

4. a) ,Chipter 2 - Material "s and Alternates

b) Chapter 3 general Regulations

c) Chapter 4 --Drainjg'Systems

d.) Chapter 5- Vents and Venting

e) Chapter 6 - Indirect and SpeciarWaste

f) Chapter 7 - Traps and Interceptors

g) Chapter 9 - Plumbing Fixtures

h): Chapter 10 - Watel.0istribution

7

Chapter 8 oints and Connections, 'Chapter 11 - Building Service and Private
Systems, Ch ter 12 - Fuel Gas Piping and Chapter 13 , Water Heaters and Vents were
considered t be outside the scope.of this study and were therefore omitted.

I

O

The Uniform Plumbing,Cbde contains both direct and indirect references to materials.
Provisions such as "fittings shall be made of_brass" were classified by using
hierarchical identifiers frgm the classification scheme which address
"fittings" and the identifier from the attribute classification scheme which addresses
"prevention of corrosion," on the assumption that the primary concern is with the
satisfaction of that attribute, and not with material selection; therefore, the
identifier from the material grouping was not used. On the other hand, provisions
such as "fittings shall be made of brass or other approved material" were classified
by using the physical entity identifier for "material-general" and the identifier, ,from
th attribute classification scheme addressing "approved standards.", Furthermore,
i provisions specifying "brasp fittings should be. . .," the Identifir for
' aterial-brass" was used along with the identifiers for the appropriate attribute.

4,
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For some provisions it was' difficult to ascertain the intention of the code writers.
Therefore it was diffidult to identify a specific attribute addressed by these
provisions. These provisions were therefore classified under attribute classification
"code procedures" along with other provisions which were directly addressed by that

/ attribute.
.

4:3 Analysis
.

It can'be seen from the comparison of attribute classifications shown in Table 4.9
that single attributes are often addressed by more than one rule of-plumbing or
Guide Criteria attribute; conversLy, a, single ryle.of plumbing or Guide Criteria
attribute often addresses more than one attribute. In order to make the rules of
plumbing and Guide Criteria requirements applicable for classifying plumbing provisions
they should be'unique and complete and therefore consistent with Table 4.8.

Table B.1 can be subjected to different analyses; one such analysis is given in
Table 4.10; the table shows the frequency distributiOn of attribUtes covered by the
provisions of the Uniform 'numbing Code. It provides the reader with a picture of

. the content of the code and a record of emphasis.

11
0

0 4
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Table 4.1

Physical ClassiTication

I

' Level
II V VI, VII VIII IX

Gba1 System Subsystem Component Assembly
(Global)-1.

Assembly Elements Appurtenances

48

irk

,A. System D. Drainage System
' V. Venting System

W. Water
Distribution
System

Table B.I
Table B:1

'Table B.1
.7,1%W.

re.

.

0

F. Fixtures Table B.2
and
Equipment

Table B.3

Material

Table B.4



Table 4.2

Physical Clasiiificeei1371.Drainage Systems

Level III SubsWitems.

"?:-ib. :

a.

b.

d.

e.

f.

g.

h.

i.

k.

1:
m.

General
Drainage piping
Building sewer
Building drain
Storm drain
Storm.sawer
Area drain
Subsoil drain: .fit_

'

Hoistway draft
Catch basin
Gutters

Condensate drain
Indirect waste piping

n, Pressure drainage.
o. Utility drain
p. Industria1 waste piping
q. Commercial waste piping

I'

Level IV Components

4. 4

a. veneral
b. Interceptors
c. Grease interceptors
d. Garage. interceptors

e. Building traps_,
f. Sand interceptors
,g. Traps
h. Direct-waste connections
i. Indirect waste connections
j. Interior leaders or downspouts
k. Cleanouts
1. Backwater valves
m. Indirect conneqions

Physical Classification` Venting Systems

Level III Subsystems

'a. General
b. Vent piping
Q. Stack,vent "
xi. oCommon vent

,i-.:

'-

.,e. Wet ett' °

f. Relief Lent
,g. Combination ante and-vent

,:. h. Circuit 'low vent s

446
le /

3

" 0

Physical Clasica n:

.

Level IV Components

a. General
b. Vent head
c. Vent termi
d. Vent extension
e. Vent fittings
f.cr VenAoiening
ett Vent connection

6 IV. ti.cate pipe
o 10 @fp.

J. e uts
o

Water Da;tAbution S stems
.

Level III Subsystems

a. General
b. Water piping and fitting
c. Standpipe
d. Hot Water piping

Water.Storage tank ,
f. Hot Water Storage tank
g. Hot ,Water heater
h. Water pulp

4

_4

3a

..50

uevel'IV Components

J3. General
t b., Ballcock

NiDirect connections

Indirect connections
e. Water Storage Control valves
f. Gate valve
g. Meters
h. Vacuum breakers
i. Pressure re/let-valves
j. Temperature relie4Valve
k. Emergency,shut-off devices
1. Valves
m. Covers

4 n. pressure regulators
of Pressure -- temperature

relief valve

V

e4



Table 4.3

Physical Classification:' Fixtures and Equipment

4

Level VI Assembly

a. .General
,..b. Bathtub

c. Lavatory
d. Shower
e. Kitchen sink
el. .garbage disposal
f. WArr closet
fl. Flushometer valve
f2 Flush tank
g. Urinal
gl. Flushometer valve.
g2. Flush tank

h. Floor dra,in

i. Laundry tray
j. Dishwasher
k.' Clothes washer
1. Drinking fountain

m. Swimmifig pool

n. Hot Water heater

o. Sumps
p. Ejectors, pumps
q. Lavin sprinklers

r. -Interceptors, intercepting tanks4114'

Evaporative cooler, air washer, refrigerator

and cooling counters
Walk-in refrigerator
Receptors
Stills, sterilizers

Condensor
Plumbing fixtures
Commercial sinks
Island sinks

s.

t.

u.

v.

w.

x.

y.

z.

Level VrI --Elements

(unclassified)

39

a.

b.

c..

d.

e.

f.

g.

h.

i.

j.

k.

1.

m.

n.

General
-Piping (discharge?
Piping (supply)
Drainage fittiegs
Shower receptors
Faucet

Shower head
Drains
Traps
Vents
Valves

Mixing valves
Gate'valves
Vacuum breakers
Washdown pipe
Cleanouts

q. Hose bib outlet

r. Outlets
s. Inlets
t. Strainers
u. Fleshings
w. Backflow preventing

devices
x. Motors, compressorq,

ana.air tanks
y. Trap arm
z. Overflows
Q. Ballcock
i. Bends



Table 4.4

Physical Classification: Level VIII (Appurtenances).

Level VI

. a. General
b. Threads
c. Connections (direct)
d. Joints
e. Flanges
f. Plugs
g. Lni-ko

h. Bushings
i. Hangers
j. Supports
k. Slip joints
1. Expanon joints
m. Hose clamps
n. Unions
o. Ferrules
p. Screws
q. Bolts
r. Washers
s. Access covers
t. Outlets
u. Joining. matsrial

v. Fittings
w. Connections (indirect)

Cleanouts
y. Seals
z. Flashings

40
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Table 4.5
A

Physical Classification: Level IX (Material)

Level 'IX

a. General
b. Wrought irdn
c. Steel
d. Brass
e. Copper
f. Galvanized Iron
g.. Cast Iron
hY 'Bronze

Lead
j. PVC (plastic)
k. ABC (plastic)
1. Malleable Iron
m. Concrete 6

n. Metal

4

0.

41
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Rules of Plumbing

(from the National Plumbing Code)[14]

P 1 - All premises intended for human habitation, occupancy,.or dse shall be
provided with a supply of pure and wholesome water, nei er connected

with unsafe water supplies nor suMect to the hazards of ackflow or

backsiphonage.

P 2 - Plumbing fixtures, devites, and appurtenances shall te supplied' with
--water in sufficient volume and at pressures adequath to enable them to
fupction satisfactorily and without undue noise under all normal

conditions of use.

P 3- Plumbineshall be deSigned an adjusted:to use the minimum quantity of

water consistent with proper performance and cleaning. /

P 410 Devices for heating and storing water shall be so designed and installed
as to prevent dangers from explosion thtough overheating.

P 5 - Every building having plumbing fixtures installed and intended for
human habitation, occupancy, or use on premises-abutting on a street,
alley, or easement in which there is a public sewer shall have a connec-

tion with the sewer. .01

6 - Each family dwelling unit on premises abutting on a sewer or with a
private sewage-disposal
one kitchen-type sink.
bathtub or shower shall
sanitation and personal

system shall have, ,at least, one water closet and
It is further recommended that a lavatory and
be installed to meet the basic requirements of
hygiene.

All other structures for human occupancy or use on premises abutting on
a sewer or with a private sewage-disposal..gzstem shall have adequate
sanitary facilities but in no case less than one.water closet and one
'other fixture for cleansing purposes.

P 7- Plumbing fi;tures shall be made of smooth nonabsorbent-material, shall
be free from concealed fouling surfaces, and shall be located in venti-

lated enclosures.

P 8 - T14%..drainage4titem shall be designed, constructed, and maintained so as
to guard against fouling, depOsitof solids, and clogging, and with
adequate cleanouts so arranged that the pipes may be readily cleaned.

P 9 - The piping of the plumbing system shall be of durable materiq, free from
defective workmanship and so designed and Constructed as to give satis-

factory service for its reasonable expected life.

P10 - Each fixture directly connected to the drainage system shall be equipped

with water-seal trap. .

Pll - The drainage system shall, be designed to provide en adequate' circulation
. of air to all pipes with,no danger of,siphonage, aspiration, or fording

cf._,trap seals under condii,ionr of ordinaiy.use.

,
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Table 4.6 (Continued)
Rules of glumbIng

fl2 - Each vent ferminirshall extend to the outer air aid be so installed as
to minimize the possibilities of Clogging and the return of foul air to
the 'building.

P13 - The plumbing system shall be subjected to such tests as.will effectively
disclose all leaks and defects in 1; work.

A
a

P14 - No substance which will clog the pipes, produce explosive mixtures, des-
troy the pipes,or their joints, or interfere unduly with the sewage-
disposal'process shall be allowed to enter the building drainage system.

P15 -'Prophr protection shall be provided to prevent contamination of food,
water, sterile &Sods, and similar materials by backflow of sewage. When
necessary, the fixture, device,,or appliance shall be connected indirectly
with the building drainage system.

P16 - N6 water closet shall be locate in a roam or compartment which is not
properly lighted and ventilated.

P17 - If water closets or other plumbing fixtures are installed in buildings
.

where thereis/no swAr within a reasonable distance, suitable provision
shall be made fotkda.sposing of the building sewage by some accepted
;method of

--I

sewage treatment and dis gal.

40" P18 - Where a pldmbing,drainagesystem may be subject to backflow'of sewage.,
!'suitable provision shall be made to prevent, overflow in the building.'

.
,

P19 -.Plumbing systems shall.Be maintained in a sanitary and serviceable condi-,
tion.

.

P20 - All plumbing 'fixtures shall'be so installed with regard to spacing as
to be reasonably accessible for their intended use.

. .

P21 - Plumbing shall be installed with due regard to preservation of the
- strength of structural' members and prevention of damage to walls and.

other surfaCes through fixture usage.

P22 - Sewage or.other waste, from a plumbing system which ma/Zdeleterious to
surface or sub-surface waters shalloot be discharged the ground
or into any waterway unless it has first been rendered innocuous through
subjection to some acceptable form of treatment.

o

43 .
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Table 4.7'

Operation Breakthrough Guide-CriteriaPluMbing Requirements [10)

8 Durability/Time Reliability'
(Function)

.1 Structural Serviceability

H.147Deflection
H.1.2 Vibration k

H.1.3 Structural loads

2 Structural Safety

oF H.2.1 Inserts and hangers
H.2.2 Installation

1.

.`,
T

3 Health and Safety

'H.3.1'NuMber of fixtires
H.3.2 Leakage ,apa

H.3.3 Hot water supply
H.3.4 Protection of water-heating

.equtplent lir,

H.3.5,Water quantity: ,user needs
H.3.6 Water potability
H.3.7Resistance to entry of vermin
H.3.8 Impro er emission of gases or

liq ds
PiSH.3.9 Over ow or back-up

H.3.10,Water pipe sizing
H.3.11 Storm watenk4 posal

4 Fire Safety

1(.4.1 Fire endurance
H.4.2-Sprinkler systems

H.4.3'Hazardbus-areas S
H.4,4 Watet,for-flrelfighting

A- 4 4 4- - it d .

5 Acoustic Environment

H.5.1 Vise

6 111umiiatea-Enviebnment

te H.6.1 Artificial light.
1.

Atmospheric Environment
E

H.7.1:Condensation '

4

H.8.1 System life expectancy
H.8.2 Fixtures and appliances
H.8.3 Installation:.

H.8.4 Access
H.8.5 Freezing
H.8.6 Corrosion

9 SpatiatCharacteristics and
Arrangement

H.9.1 Size and location

Ne-
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Level I

Table-4.8

ClassificaLon

Level II

t

Attributes

.

1. lF)*Function

1:1 (a.) Water supply
1.2 (b.) Water supplyand drainage flow

1.3 (c.) Pipe sizes

1.4 (d.) Sewer and drain connections

1.5 (.e.) Air flow

1.6 (f.) Location for function

1.7 (g.) Non-interference with other facilities

2. (H) Health and Safety.

2.1 (a.) Potable water

2.2 (b.) Contamination ,

2.3 (c.) .BaCkflow, overflow, siphonage

2.4 (d.) Hot water equipment

2.5 (e.) Number of fixtures

Operability, Durability:Reliability,

.3.1 (a.) Damage

3.2 (b.) CorrOsion
3.3 (e.) Deterioration
3t4 (d.) Material durability
3.5\ (e.) Deflection, misalignment and sagging

3.6 (f.) Structural strength

3. (b)

'4. (M) Main'tainability

.4.1, (a.) Fouling, depositS and ,clogging
4.2 0, Fixeuz,e accessibility

,4.3 (c.) Maintenance procedure
4.4 (d.) Location for maintenance

(C) StandardsS.

5.1 (a.) External product standards

5.2 (b.) External installation standards

5.3 (c.) Accepted engineering practice

4
5!4 (d.) Code procedures

' Eiter"

*The letter codes shown in parentheses
provisions in TableB.1.
L.

are used Sn the detailtd classification of

a
I

;45
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Table 4.9

Comparison of Attribute Classifications

Attribute
Applicable Applicable Guide
Plumbing Rules Criteria

equirements

*

1,1
1.2

1:3
1:4
1.5

1.6
1.7

2.2
2.4

3.1:

3.2
3.3:
8.4
3.5

-

4.1
4.2
4.3

. 4.4

5.1

5.2
5.3

5'4:

Water supply
Water supply and drainage flow,
Pipe sizes
Sewer and drain connections
Air flOw
Location for function
Non-interference with other facilities

Potable water
Contamination
Backflow, overflow, siphonage

Hot water equipment
Number of fixtures

Damage
Corrosion , -

Deterioration
Material duraiXlity
Deflection, misalignment and saggirig
Structural strength

Fouling, depo .sits and clogging

Fixture accessibility
Mainidhance procedtge
Location for maintenante

External product standards.
External installation standards
Accepted engineering practice
Code procedures

46

P 2,

P 2

11'3,

P 3

P 5, P 17

P 11, P 12

P 7, P 16

P 21

P 1

P 15, P 22
P 1, P 10, P 15,

P 18 .

P 4

P 6'

P 14

P 21

P 2

.1' 19 .

P 8

P 13

042

H.3.10
H.3.10, H.8.4
H.3.9, H. -3.10

H.3.9
H.3.8, H.3.9
L.9.7

H.1.3; H.2.1

H.6.6
H.3.6, H.3.8,
H.3.9, H.3.11

H.3.4

H.3.1

H.1.2, H.1.3
T.8.2, H.8.6
.H.1.3
H.8.2

H.1:3
H.1.3

H.84
H.8.4

H.8.4
H.8.4

H.8.2
H.8.3
H.8.3
Ht8.3

Se.

4.044.4



Table 4.10

Frequency of Attributes

'

Atributes .
\ .

Number of
References

.

1.1
1.2

1.3

1.4 '

1.5

1.6

1.7

Water supply
Water supply and drainage flow
Pipe sizes
Sewer and drain connections
Air flow
Location for function .

Non-interference with other facilities

1

19
24

8

10
25

9

.

.

.'

;.1
2.2

_2.3

./.4'

2.5

Potable water
Contamination

.rEackflow, overflow, siphonage
Hot water equipment , %

)Number of fixtures .
"

i 1

3

33

_ 1
3

.

.

,

/
23.1

3.2

3.3

3.4 .

3.5

3.6

Derage .

Corrosion
deterioration
Material durability
Deflection, misalignment and sagging
Structural strengpl

.
.

.

8

13

3
3

5
. 4 -

)

.

4.1
.4.2

4.3

4.4

Fouling, deposit clogging
FixtUre ac -,...-. - ty . .

MaintenancV p 1

Location ar mainienance
'''

,-

_

.

.

3
19
12
14

69
4

78

.

.

'

.

,

,

,

.

.

/

,

,..

5.1
5.2

5.3

5.4

.

.

.

''i
A ,

External product standards

External installation standards .

Accepted engineering practice,
Code probed s

f
i.. .

,

. . .

. .

,

.

. .

, , ,

. y
,

.

117

59
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5: ELEMENTS OF SPECIFICATION WRI ING STYLE

In this chapter, the analyses and observations -of the s udy are summarized as an
informal guide to'specification writers. The "don't us " and "use" style is
patterned after the,Elements of Style by Strunk and White [20]. Only performanct
specifications are covered here, but similar guidelines could be developed for
prescriptilYe specifications. The examples used are from solar heating and cooling
technology, though not all are'from the Solar Criteria, the basis for the study.
In partiqular, not all of the "don't use examples are from that_ specification. The
guidelines are in two groups: Section 5.1 lists those which pertain to the
composition of individual'provisions; Section 5.2 lists those which pertain to
relations among two or more provisions.

5.1 Composition of Provisions

1. Avoid overspecifying physical entities. In defining the pfiysical entity addressed,
use the most general term that applies. Avoid naming specific physical entities,
which amounts to oyerspecifying.

Don't use: Use:
0

"pumps, fans, coma.essors or "rotating machinery"
similar equipment"

"duct and fan systems" "air-handling systems"

"pipe hangersand other supports" "supports"

o' "pipes, joints, fittings, etc." "piping"

2. Group physical entities by come on properties. Combine physical entities addressed
by referring to the common properties affected by the ate bate in question
(commonproperties underlined).

"assemblies containing_ heat transfer fluids"

"components exposed to the natural environment"

"subassemblies that are accessible"

The specification writer can use common property. grouping in order to consider
dysfuncti6ns which pertain to biasses of physical entities. In the example .

above, "assemblies containing heat transfer fluids" are those that are subject
tomechanical and chemical forces affecting durability, "components that are
expbsed to the natural environment" are those that are subject to ice and haij
loads, and "subassemblies that are accessible" are those that are potentially
unsafe to occupants becduse of high temperatures. Note that any attempt to
enumerate physical entSt.Les in any of the three examples would constitpte
o7er-specification by the writer.

3. Use conditions to postulate implementations. Whema requirem nt or criterion
applies only t6 specific implementations, single this fact by preceding the
entity decription by a condition: A 44'

"when qUick-closing valves are used, . . . "

4 "when the storage subsystem is included in the design. "

"when a liquid is used asthe heat transfer fluid: . . "

a

Thia allows the writer the option of con.idering such an implementation
(without specifying it), as 11.1

"When liquid htat transfer fluids are used, the system
shall providesuitable Means for air removal."

'48
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4. Definerbtribute of requirement. Th every requirement, define speciOcally the,
. attribute to be satisfied. It may help the writer to think of an attribute as,-

being a general,-qualitatoive statement in support -of one of the attribute'classes.:
Thus, the attribute "prevention of corrosive wear" is in support of the attribute
.class "operabflity." On the other hand, the attribute of a requirement is usually
more.general than the phenomena of the criteria associated with the requirement.Thus, the attribute "prevention of corrosive wear" is more general than thephenomena " corrosion by leachable substances" and "corrosion of dissimilar
materials," which are relatively-specific.

If'the attribute can't be specified, the.provision is probably not a requirement.

5. Define phenomenon of criterion. Include in each criterion the specific
phenomenon-for which a level of performance is to be achieved. (Recall that, a
phenomenon identifies a possible dysfunction to be avoided or a requisite to_be
assured..)' Examples of dysfunctions to be avoided are:

"excessive noise arising from vibration of equipment')

"danger p:)'occupants arising from excessive temperatures
or pressure in the event of a power failure"

Examples of requisites to be assured are:

"regulation of domestic water output temperature"

"means for the detection of leaks"

6 Use an active operator. In both reqirements and criteria, use positive,'abtive
terms to describe the result expected.

** -;

Don't always rely on the cq.ech phrase:,

_ ". . .shall be designedand installed so that. .

In many cases, more specific wording can be used:

':(the collector subsystem) shall be located,' oriented, and
tilted so that. . . ."

/

"(piping) ;h& .211 be sized to. .

Also don't bepnecessarily wordy:
i4

Don't use: Use:.

. . .shall be designed 'to --shall provide. . ."
provide. . . ."

". . .shallbe designed to be
. .shall accommodate. . ."

capable of accommodating, . . .7
.

.

7 Use quantitative mea§ures in criteria. Ensure that criteria are quant'pative by
specifying the level of performance expected,-or, at, least, by specifying
precisely ,the device ar process that is to be provided to ensure performance.

Under a requireheht dea.114 with the efficient-operation of the DHW system,

Don't use: Use:

"The water *temperature
shall _be regulated."

or

1.

-"Regulation of the water
temperature shall be assured."

"The water temperature shall
be regulated within the range
of 105° to 160°F."

The underlined material shows how t'he efficient operation mentioned in the
requirement is ensured.

49

a



If a quantitative measure can't
be-defined, the provision is probably not a

criterion.

8. Make evaluation correspond to quantifier. Givea clear, pPecise statement as to

how the criterion measure is to be evaluated. Certain things cannot be evaluated

by a mere review of plans and specifications! example, in

"Systems. .shall accommodate flexing, . .,"

an examination Of design criteria is more appropriate than a review of drawings

and specifications; and in

- . .shall not leak when tested

a review of -test results is more apprOpriate.\

9.. Avoid blanket references to specifications and standards. The entire purpose of

performance specifications is defeated by excessive references to external

specifications and.standardE: Do not say:

". . .shall be designed and installed in accordance with (name of

specification)." .

At least, specify the attribute that is to be achieved.

". .shall provide a minimum level of fire safety consistent with

(name o specification)."

Better yet, define the phenomenon to be quantified and depend on the

specifications and standards only for establishing the quantitative

Measure:

". .
.shall meet the requirements for draw and recovery specified

. L. in (name of specification)."

10. Choose title based on attribute or phenomenon. Make t e title-of the requirement

or =criterion descriptive of the attribute or phenomenon, rather than of the
. .

.1

physical entity covered. WK,:, i

1 (under a requirement dealing with Leakage prevention)

440
Don't use:.

Use:

"Air transport systems" a "Air leakage"

(under a requirement for Excessive_pressUre'and teoperature,protection)

Don't use:

"Relief valve,* and 'vents"

(under

Don't use:

a -requirement for

Use:

"Freskure and temperature relief"

Effects of external environment)

Use
AV

4,
"Components Cr Materials "3 lan dej'adation" e

exposed to-sunligilt"- /'
lt,,v 4

"Components buried in soil"' " slaCorro'sion"

?

.1

Ii-. Do not deliberately vary-ording,to avoid monotony,. Note the underlined Words

in the following: .
13`

". .
.collecting and converting sbrar energy into thermal energy."

4". . .cokiectingarieicoriverting-Acha'nt
/

'olir'reneriy into:thermal
, - V,11.14

energy. . ."
,,

''

'11 ". . .convert incident Solar enerWx into dberAl, tp101aleqlrgy. .

, .

4 47
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Such "stylistic" variation is confusing to the reader, who may try to find
some technical reason behind the different cholc-es=a-fwords..

12. Avoid using subjective wording in requirements and criteria. Even requirements,
which Ore qualitative statements, should be as free as possible of words which
are subject to interpretation b.y-gueSswork on the part of the reader. Certainly .

criter, which are quantitative statements, should not use such words. Consider
the following:

6
1

". . .suitable means.for air removal. "'

"! . .adequate provisions for thermal expanSion. . ."

.

4 ". . .damage of unacceptable magnitude. . ."

74. c 41.

How is the reader to interpret "suitable," "adequate," and "of unacceptable
magnitude"?

Other subjective words and phrases to be avoided are"significant(ly),"
"excessive(ly)," "below acceptable levels," "unduly," "normal(ly),"
"beyond acceptable limits," etc.

5.2 Organization of Provisions

1. Use only one attribute Per provisiop.. '11. provision (requirement or criterion)
addressing more than one attribute i§ improperly written and should be split.
,Each of the following examples can be split into two criteria:

". .,.shall be sized to
carry the heat transfer
fluid at design flow rates
without excessive noise 5.
or erosioncorrosion"'

Criterion°a

) Criteribn b

". . .shall not significantly
affect the efficient operation.

Criterion aof the H, HC; or DHW systems
or the habitability of the

Criterion bbuilding."

The use of catch words."healih and safety" And "safe and efficientoperation"
as attributes will automatically result in the violation of this rule.

2. Do root misplace criberia-. A criterion is mistdaced if:
_. ..,,i,: ....

,

.
a. .the,phytical entity addressed is not asubset of the entity

addressed by the requirement under which the criterion appears,
or

,

b, the physical entity addressed is not a common property grouping
,' within the entity addressed by the requirement under which the

criterion apPear45 or
,

\,

c. the phenomenon addressed is not a subset of the attribute of the
requirement.

Examples of misplaced criteria:

a. Requirement addresses collector.
Criterion addresses whole system.

b. Requirement addresses collector.
Criterion addresses components buried In 40.1.

c. Requirement addresses failure loads and load capacity.
Criterion addresses glazing design.

41.
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3 Order criteria by related phenomena. In ordering the criteria associated with
a requirement, sequend thed by the phenomena tkpy address. In the sequence
below, the second criteribn, dealing with air, Is out of place between criteria
dealing with liquids, and should be moved to the end.

Requirement: Heat transfer fluid quality..

Criteria: 1. Liquid quality
2. Air quality
3. Liquid treatment
4. Freezing protection (applies to liquids only)

4. Use single- criterion requirements sparingly. The specification writer will find
that usually it will be necessary to associate two or more criteria wi:th-a
requirement in order to completely address the leveltof performance stated in
the requirement. It is appropriate sometimes, however, to use single-criterion
requirements..

The. rule to follow is that the criterion must address a subset of the
requirement (either physical entity, common property grouping, or,attribute)
or else must introduce a quantifier. If none of the above applieshen it
is questionable whether the "requirement" is in fact a proper requi ement.
;r1 theollowing aequence, the rule is not followed; the criterion is merely
a rough rewording of the requirement:

X

R: Shutdown of subsystdms in one dwelling unit shall not impair
the distribution of energy to other dwelling units of the building.

C: Shutdown of the- H, HC or.DHW subsystems in one dwelling unit of
- a multifamily. housing complex shall not interfere with the

operatipn of the subsystems in-other dwelling units.

5. Avoid unnecessary cross-referencing. With proper assignment of criteria to
requirements and proper ordering of requirements, it should not be Mecessary
within a criterion or requirement to cross-refe ence other criteria and
requirements. The situation is analogous to th one noted in rule 9 in
group 5.1 on referencing other stecifications a d standards. Blanket
cross-referenceg are to be avoided:

". . :shall be designed to meet the requirements specified
in. . ."

More specific-cross- references may be used'where necessary duplication
of the same material would result:

9 ab. . .shall be designed to meet the requirements for load
Combination specified in, . :"

Nc -4.

52

64

N

V



6. POTENTSAL APPLICATIONS

In this chapter, the potential applications of tWmodeland methodology-developed
in this study are discussed, with emphases on the analysis of existing codes and

_standards and the synthesis of new ones.

6.1 Analysis = -111

.

As discussed in the Introduction, there is a need for the classification, maintenance,
.....

and Comparison of existing codes and standards.

Every sOcification has to-be continually maintained to keep up with social and
technological changes. This ongoing maintenance would be aiaed by a standardized

, organized framework, both for initial provisions and for later modific tions,
additions and deletions.

There is an equally strong need for a mechanism whereby the coverage of different
codescodes and standards could be systematically compared by the following types of-
organizations:

design and construction organizatiOns operating under multiple
jurisdictions need ready access to information on similarities
and differences among codes, so as to adjust their work accordingly;

building regulatory ,Is.ncies adopting model codes need a mechanism
for lbcating and identifying those provisions which warrant local
changes or exceptions;

model code authorities and other bodies responsible for the
promulgation of codes and standards need asimilar mechanism
for representing changes and exceptions introduced in the
adoption process to guide them_in .their maintenance activities;

and

groups and organizations interested in broadeping the coverage
of existing coders and working towards broader national consensus
need a representational tool to display the coverageof codes,
so as to be le to systematically review, arld hopefully
eliminate, e existing differences or discrepancies.

The methodology presented in this study could. be developed and extended to produce
a classification scheme and representational method to satisfy the above needs. In

such a classification scheme each provision would be classified as to:
4r

the physical entity addressed.;

the property of that entity (where applicable);

the attribute to be achieved (for requirements);

the measaeof satisfaction required (for eriterfa).

Initial approaches for the physical entity and attribute classifications have been
presented in Chapters 3 and 4. Further work will 4.required in order to extend
these to practical and generally applicable classifications. In particular, the
terms tor physical entitift should be standardized. Alsoy the concept of common
property develOped in Chapter 3 shoulu be-exLended so as to serve its intepded
purpose; as- a "shortcut" to e4minate or reduce extensive enumeration of components.
Similarlytheiclassification of attributep should be extended to cover the entire
range of ccdes.and design specifications. ,For prescriptive specifications, standard
interpretations of implied attributes must be agreed upon, as they could them fora
a solidO)asis on which the intent and adequacy of 'provisions could be evaluated.
Finally, it will be necessary to extend considerably the list of possible measures
discussed in Chapter 3 to encompass all cases that may occur; such measures are
essential to define the 1evels of perfoimance,Apecifled.
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With a classification scheme of the type discussed, any specification could be
concisely represented by'a table such as Tables A.1 and B.1, or by the implementation
of such tables in a computer-based information system. Local exceptions, .

modifications, updates, mac. could be rapidly and conveniently located,by reference
to the classifiers-aescribing the provisions.

An illustration of the potential advantage 'of using a standardizes classification
scheme of the type discussed in this report for representing existing cation

.,,,.

provisions can be taken from Reference [61. ,

11 .

r The 1969 Edition of ANSI Standard A119.1, Standard for Mobile Homes [19], contained
the following provision in Sgction 7.3 (page

,
15):

. All wall and partition burfaces shallfte capable,of-resisting
a horizontal load Of not less than five pounds per squre foot."

The provision did not appear in the editions of 1972 through 1974. In-the process
of adopting the Standard in state 'regulatory programs, the provision of the 1969
Edition was included in cwo states codes:

in North Carolina, as an amenaent of Section 7.3;

in Oregon, as an amendment of Section 6.2: Design Live Loads.

The provision was re-introduced in the 1975 Edition, but his time under Section 6.7:
Interior Walls. Thus, in a period of six years, the same provision has cropped up
in three different sections of the Standard or Statedcode based on the standard. If

the provision had been classified not by arbitrary section numbers, but as a ,

provision accessible by the classifiers:

physical entity = interior wall
attribute = structural strength

the provision could have been readily located, regardless of section number, and the
various editions of the standaild, as well as the State codes adopting them, could
have been directly compared.'

6.2 Synthesis

It is expected that the major use of the concepts of thip study will be in the
synthesis or development of new specifications, especially of performance
specifications. Before such work can be undertaken, however, some of the
preliminary steps discussed in the preceding section will have,to be accomplished,
albeit for a different purpose:

in developing a practical physical classification; e ott must

.be made to generate classifications of entities wh 0 are
implementation - independent, separate from tradit onal building
part names; the extension and systematic exploitation of apprdpriateN
"property" categories maybe one way to achieve this objective;

e
the list of specific entity names needs to be formalized and -

coordinated with the general functional classifications and
propertlez, tc serve as the basis for implementation - dependent-
evaluation procedures for performance specifications as vaell as for
prdcedural or prescriptive specifications;

....be list of required attributes and their underlying phenomena
to be controlled needs to be considerably extended, subdivided
and properly defined, so as to clearly identify the user needs

E, addressed by each; and

the list of available measure nts, and the appropriate evaluation
methods Tor each, needs to be formalized to a much, greater extent .

then the pre6ent, so as to provide a clear basis for choosing
appropriate measures for each criterion.

The availability of such classification schemes could forMa l ize and consid erably

- improve the process of synthesizing new specifications.
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At the conceptual or planning level, the synthesis process could begin with the .
clear identification of applicable attributes and the phenomena to be controlled.
Through appropriate properties, the general functional classes of physical components
susceptible'to dysfunction could be next identified, and thus a general framework
of requirements and criteria sketched. This framework could then be systematical
"fleshed out" through technical and economic analyses to determine the appropriate'
type and level of measures for each criterion.

In practice, of course, the development of new performance criterl'a will seldoin, if
ever, be tire direct, linear sequence of activities described above. Rather the
proqess will tend to be iterative, where new considerations, emen the need for new
research, will emerge as portions of the document are developed. A computer-based .

interactive information management system based on the classifications presented
could serve as ari effective manag4ment ana control mechanism for the operational
phase of synthesis.4 .

.. IP0
At the operational or developmental level, the framework of general reoelirements and

40 criteria would be entered into the information management system when the detailed
develdpment begins. Tentative elaborations of proposed requirements and criteria

c
r wouldbe entered as they are developed,.together with, appropriate classifiers.

Periodically, th(provisions could be sorted and listed, and the qutput'examined to ,
ascertain progress, to review and modify as necessary the proposed classifications,
and to identify,Pholes" or other indications of uneven coverage. On the detailed
level, provisions could be examined for conformance with accepted structures and for
the proper maintenance of tlie RCTC hierarchy. At the same time, as yrovigfons .

accumulate and are "firmed up," tentative ,groupings and chapter layouts may be
developed. Through appropriate identifiers relatedyto the classification schemes;'
alternate organizations may be explored an evaluated, thereby reducing the
dependence of the organization on a sometimes arbitrary two-dimensional matrix From
previous'studies [1,16], it appeaDs.that theoretically inclined readers woul prefer
an organizatPon where the major.groupings are based on attributes, with furthe '

lubdivisions based on physical components, wieas practically-oriented. people would
e more comfortable with the opposite ordering. Tentative outlines for these two 0
schemes, or combinations thereof, could be readily generated and compared. The final
organization and assignment of 'chapter, requirement and criterion sequence could thus '

be delayed until the project is essentially complete, resulting in more readable, .'S
easier-to-follow documents. The0development of extensive indexes structured ,

according to alternate ordering of classifiers would be an automatic byproduct of the '-
classification schme maintained by the information management system.

A.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

This study is a pilot project for identifying concepts and methods for the

establishment of a rational framework of specifications, dealing with both the

detailed organization of indlmidual provisions and the overall classification of

provisions in the document. -
It has been shown that all specification.prOisiohs have a simple basicstruct,146,

consisting of two basic elements:

(1), a subject, which make's some mention of a physical

entity., and

te) to predicate, which relates to one of the attribute
classes.

This simple-sstructure permits the/study of organization at t,:o levels: (1) the way

the elethents are composed` in a Single provision; and (2) the Manner'lirovisions are

related through the ubjects they address and the attributes -they seek to achieve.

Detailed study of t first aspect, that is the composition of lerovisions, was only

carried out for a performance document. Studies of the second aspect were performed

fon a perforMancegdocument and a
prescriptive document.' Studies at dDoth levelg

require a carefully structured classification og the physic'l components forming the

subjects of provisions, and of the attrib tes to be satisfied, Classifications have

been developed for these too domains for o documents, representing extreme points'

oh the performance-prescriptive continuum.

physical classifiCations could be developed with reasonable 'ease from bo h ocuments.

In'both documents, there appears to be too much reliance On .aming specific building

parts. As a result, it is sometimes difficult to' ,,group theentities into larger

units in a hierarchical fashion. Nevertheless, itvappears1Ziirely feasible to

r-extend the classification to othedocuments, and eventual td standardize both the

terminology for building elements and hierarchical groupings for the-terms.

The development of attribute classifications was hampered by the occasional lack, of

clarity and definitions of attributes in the performance document ax 'their
v.

. e- complete absence in the prescriptive
document..., The classificAtion reported here

Should be considered highly tentative.

In the. performance document, an important mechanism was identified for achieving

conciseness in addressing physical components without over-specification. The

mechanism consists of referring to,a common property such as "exposed to solar

degradation," which singles out entities susceptible to dySfunction under a

'particular attribute in a ompletely implementation-independent fashion. A

classification.61 properti contained in the'document was developed; significantly,,

the propertiesidentified e well Structured hierarchically.

Also,An the - performance pcumentithe "traditional" RCTC hierarchy coul be given,

more 40pcise meaning by associating criteria with properties. or with subsets of the

entities Nigor attributeu of the,corresponding requirement, and by associating the

form thekeValuation with the .the of measure spegified, in the criterion. However,

because of the wide range of measures, contained in the criteria,-the latter

association could not be. demonstrated to the same degree of concreteness as the

former.,

This study of4the composition of provisions in the performance specification produced

a formal representation pf the syntactic structure of requirements and criteria.

r

The classification systems and the analyses in Section 3.3 produced concep,t's and

terminology which were used in giving guidance for future efforts in performance

* ',specification Writing. t
fro

On the basis of the/etudies
reportedtwo,potential applications were Trbsented.

First, it was shoOKthat a classification scheme of provisions according to physical

entities, attributes (explicit,or
implicit) and measures specified can serve as a

1
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'

concise-representation which may be used to represent and compare the Coverage of
specifications and the extent of local exceptions, modifications, and proposed and
actual changes,

.
s

, . _

-.
. .

Second, it was shown that the classification scheme coUld serve in the development
'or synthesis 0 new'specificarions in two significant ways: at the initial planning
or conceptual level, by permitting the development of groupings of-requirements
before any detailed work is undertaken, and at the operational and developmental
level by "Iracking":progress and by allowing tentative groupings and chapter.layouts
to be,developed and evaluated.

v.

,.. .

7.2 Recommendations for. Further Study 4
.4

.
There are a number ar directions for fut work which are continuations of some of
.the research activities .neported on in th study. - .

The classifications of physical entities and attributes exhibited '

in this study are illustrative rather than recommended. Clearly .

there is a need for research on more geneal classifications. id
The analysis reported on in Section 3.3 oft,this s4Cdy is tentative
in nature. Further research into he nature of attributes of
requirements and measures oft.,erteria is called for. This
work is expected to relate closely to the research on attribute
classification called for just above.

The notion of "property" needs further research. The role of
properties as selectors of physical entities for attrib4tes

.

needs to be investigated fNther.

. The classification work for evaluatidns,in_this paper is
tentative rather than recommended. Further research is nqcessary
in that area as well as in the larger area of the RCTC hierarchy.

In addition, there are a number of proposed areas for study which are not simple_
continuations of research in this paper but which are logical next steps for that
research to take.

_

There is a need,for the analysisof the language of provisions
in prescriptive specifications. It is of interest to determine
to what extent the structures and concepts, developed for
performance provisions are applicable to prescriptive provisions.

The research reported on in this paper is related to the'research
recently conducted at the University of Illinois under contract
to the National Bureau of Standards (see [22]). The relationship
needs to -be investigated further, especially the language analysis
in this paper with the decision table analysis in the Illinois
study'and the claSsiffcation studies in this paper with the
outlining algorithms in.the Illinois study.

The implementation -of a pilot information retrieval system
along the lines developed in Chapter 6 is a possible next step
to take. It could'be based on classification schemes such as
those develbped in Chapters 3 and 4. It would allow for the
orderly development c' such classificatiqn schemes and would
provide a prototype context for developing some of theMeas
advanced ij Chapter 6.

I
The automatic* generation of the text of. provisions could be,
explored. Given as input the physical, property and attribute
classAfication schemes along with the structures introduced in
Section 3.3, it would be possibletto generate- provisionlike
word sequences which could be examined for acceptability. The
style guidelines from'ghapter 5 possibly could be used as
constraints ,in the zenerat0ion'process.
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.e O. ,AnZitheiteritial research task is the 'e%171"isfratior*of,-...-corwertingt
PT-.

_specificatibris which are in pFescriptive form into.p.erforxnance
70.assification,schemes such as those developed in Section

3.2 and Section 1.2, _structures such as those developed. in-Section
3/.3;`and rules governing the expression of pr'ovisions such as
those developed in chapter 5 would all be desirable components

in such -at conversion scheme.
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APPENDIX A. Classification of Provisions of Solar Criteria

- Table A.1

.
, ..

Thysical Property Attribute

.Provision
'I II. III IV V

,

VI 'VII I II I II

R.1.1 A A 1

C.1.1.1 A A .
1 1

C.1.1.24, A B 1 1

9.1%1.3 A A 3 1

,c.1.1.4 A A- :
, 1 2.

C.1.1:5 A A ..,
r

2 2

R.1.2 A C 1 1

C.1.2.1 A C .
.1 1

C,1.2.2 A C 18 1 _1,

C.1.2.3 A C -
1 2

C.1.2.4 A C
A

2 1

R.1.3 A A 1 1

C.1.3.1 A. A 1 1.

R.1.14- - A B 1 1

C.1.4,1 A 8 1 1

R.1.5 A
A

_
.

A

.

A

_
. 2

3

2

1
..

C.1.5.1* A
p

P.
2

3 .

R.1.6 A C --E

.
.- .. 1 1

0.1.6.1 A C 1 1

R.1.7 A D 1 1

C.1.7.1 A D li. 4

Ca.7.2(a) A D 2 2

.

(b)

A
A

D
D ,

_

f , 5

3

1

1

.

6.1.7.3 ,'A A D 5 3' , 3 1

0.107.4 A C D 5 . 3 3 1

R.1.8 , A E - '

.

1 1

C.1.80 14 ' A E 1 1
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2 Table A.1

.

Provision
Physical

.
Property Attribute

I II III ri, 7 VI
-

VII
-

II I II

R.2.1 A V;..--..:-:--___
' 2, 1

0.2.1.1
C.2.1.2

C.2.1.3

C.2.1.4
C.2.1.5

C.2.1.6 .

C.2.1.7
C.2.1.8

A
A
A
A
A
A
A
A
A
A
A
A
,B

'

D
A
A
C
C

'

1

1.

4;
1
1

5

4

1

1

1
1

1

1

1

3

3
1

2

1

3

,

3

3

1

1

-

1

4

2
2

2

2

3

3

1

1

1

1

*2

2

2

2

2

2

,2

2

2

2
2

12

2

1

1

1

2

2

2

2

1

1

1
2

1

1
R.2.2 .A 1 2 2
C.2.2.1

C.2.2.2

C.2.2.3
C.2.2.4

C.2.2.5
.p.2.2.6

s'

A'
A
A
'A

A
A
A

' A

A
A
A

, II'

sr

-

B

1
1
5

5
l''''

1

1

1

1

1

3

3

2

3
1

1

3

-1

2

1
%

'

6
6
6
.6

6
6

3
4
4

3

1

1
1,-

1-
1
1

1
1

'2

2
2

2
k 2

3

2

2
.2

2

2

2

2
27

2

2

1

1
2
2

1

' 1

'

'

R.2.3 A C 3 : '2 2
t.2.3.1.

L6.2.3.2

6.2.3.,
"

..

A
A
A
A
A ,

r

C
C
C
C
C

1

1
1

1

1 ,
- .

3

3
3

3

2

2
1
1

2

3
2
3_

2

2

2
2
2 ---

1
R.2.4 , .

,

2 1
C.2.4.1
C.2.4.2

A
A

A
A

4 1 2

2

1"
1

R.2. A \ 8 4
C.2..1 A _ _ - 8 ._

IF

R.2.6 A C 1 6
,,_ . ' 2 2

C.2.6.1
-C.2:6.2

%

C.2.6.3
62.6.4

A
A
A-
A

C

C
C

6
1

1

6'
6

1

1

3
1

1

1

2
2

3
a
-
1.

6
6

3

\

. 2
2

2

2

2

2

2

2

2

.2 -

R.2.7 A
A

- i

r1 4
*4 4 2

-

C.2.7.1 A ' 1, Z, ., 2 1
-R.2.8 A _1 1 2 2
C,2.8.1 A . 5 1 2/' 1
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3 Table A.1 A

.

.

.

Provision.
...

.

Physical
. .

Property Attribute

I II III IV. VI VII I II I II

R.3.1 A 3 2 1

.i.
B ' 2 2 la'

C.3.1.1 3 ' 2 1

BI-- 2 2 1

C.3.1.2 A----. 3
" . 1

R.3.2 A ..,P 3' 2 2

C.3.2.1 A , 3 2 2 1

C.3.2.2(a) A -- - 3 1 a . , 1 1 2 1

. A
, 3'.. 2,-- 1 1 2 1 .

C.3.2.2(b) Et71.' .. tti-17.' 3 ----1 2 1 1 2 1

C.3.2.3(a) A
'' 3 1 1 4 ,2 2 1

A , 3 2 4 2 2 1

-0.3.2.3(b) A ,,..1 ....c' 3 1 2 4 2 2 1

C.3.2.4' .4, A 4-a, . 3 2 .
4

2 1

R.3.3 A
,

3
r

. 2 2

C.3.3.1 A .,;.tc) 3 2 I. 2 2

C.3.3.2 A 4 '2 2 I
R.3.4 A 3 '. 6 2 2

C.3.4.1 A t' - 3 2 6 1 2 2

.R.'375 B 2
,

7 1 2. 2

C.3.5.1 B ,
e-

2 ,7 1

R.3.6 . A 6......-t; 3 t
C.3.6.1 A 3 2' 2 2

R.3.7 A 3 ''' 1 l', 2 2'

C.3.7.1 A 3 2 2

R.3.8 A 3
.

. 2 41

C,3,8,1 3'.- 2 1

R.3.9 A , 3. . 1 1 .2 1

C.3.9.1 A 3 1 1 2
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4 Table A.1

Prqvision
Physical - . Property Attribute

I II

_ ,

III IV V VI VII I II I S II

R.4.1 A 3 2

A 5 1

C.4.1.1 A 1 3 3'
,

2

A 1 3 . 11' 5' 1

C.4.1.2 A 2 14' f

R.4.2 A , 5 '1

C.4.2,1 A D 5 1

A D 2 2

C.4.2.2 A D 5. '1 3 4 5 I

R.4.3 A 5

C.4.3.1 A 5

C.4.3:2 B 3
'5

R.4.4 A 6 1 1 ',- 5 1

C.4.4.1 A C 1 3 1 3, 3 5

A 1 C 1, 3 1 3 3 5 3 2

C.4.4.2 -A C ,6 1 1 3 5 5

R.4.5 A 5
C.4.5.1 A . 5

C.4.5.2 A C 2 . 5 1 5

A 4 C 5 4 5 1- 5

R.4.6 A 3 -3- 2

C.4.6.1 A
.

. 3- 1 3 2

C.4.6.2 A C 1 1 2 3 2 3 2

C-..4.6.34' A C 1 3 3 2' 3 .4.2

C.4.6.4 A 3 6 . 3 2

R.4.7 A 5 2 5 1

C.4.7.1., A ,
5 2 5- 1
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Table M,1

)

.

Physical

/

t Property Attribute

45 Provision

..
I II III VI

,

yii II 1 .II

, . .f f

R.5.1 A 2- -2-

5.1.1 A A __ _ _
L, , 2 2 2

C.5.1.2 A ---
:-

41 1 2 2 2

C.5.1.3-- A T' 2 2 2

C.5.1.4
( -
,C.5.1.5

A
A

A
A

. 4 3' x

,

2

2

2

2

"C.5.1.6 A - 1` 4 2 2

R.5.2 A )4.' 2 1 2 1

C.5.2.1 A 2 1 2 :2

C.5.2.2 A" C 6 _ , 2- r, 2

0.5.2.3 A . I 1 :. 2 Al 2 1

C.5.2.4 A -C 1 3 2 2

C.5.,L5 A' 8
:i

_ 2 2

C.5.2. . A A 4 ,1 i

R. A r, 2 2 2 2

:3.1 AA 1 3 2 2

5:3.2 A ,.. .
2 2 2 2

,-

. C.5.3.3 A .
'y. , 2 3 2 2-'

C.5.3.4 A 2 3 2 2.
R0.4 A 6 2 2 2

6.5.4.1 A 1 1 1 6 2 2 ,2,

A 2 - . 6 2 "2 2

.

A' 5 1 6 2 2 2

v
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Provision --r---

. ---Phiiical Property Attribute

I II III IV. V VI VII I II I II

R.6.1 A i
4

C.6.1.1 A 5 , -1 4
C.6.1-.2 A 4 6 ' 1 4
C.6.1.3 A I'

3

,

4
C.6,1.4 A 1 3 1 4 3 4
C.6.1.5
C.6.1.6

A
A C D

/
4 4

.
,

4

4
R.6.2 B 4 4 4
C.6.2.1 IA 4 4

f

C.6.2.2 B 4 - 4 .
C.6.2,43 S 4 4
C.6.2.4 B - 4 . 4
R.6.3 A ) 4
C.6.3.1
C6.3.2

'A . .
.,

4

-N40r.-

0
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APPENDIX B. Classification of Provisions of Plumbing Code

Table B.1

Provisions

..YP, Physical Attribute

I II III IV V VI VII ,viii IX
...____-

I II

201 (a).

(b)
4

1

F

F
. a

,
a

C

C

C

C

a
a
a
a

202
.

W.,D

.14,1)

b ,
,

b
b,c,d;e
b,c,d,e

C

C
a
a

203 (a)
(b)
(c)
(d)

V,D
V,D
D
W

b
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c
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c
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c
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h
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